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(54) D-Proilne derivatives 

(57) The invention relates to D^jrolines oi tiie fornxila 
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HO^O 
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or 



1-B 



wherein 
R 



is SH, benzyl or phenyl, optionally sitosBtuted by hydroxy or lower sJhoxy 
or the group 



— N 



CO 
00 

o 

o 
o 
o. 

LU 



R' is hydrogen or halogen; 

X is -CCH2)n-: -CH(R2)(CH2)n-; <^H2°{CH^„-: -CHzf^H-; benzyl, -C(F^)=CH-; -CH2CH(OH)-; or thlazo[-2,5Hdiyl; 
Y Is -S-S-; -CCH2)n-; -0-; -NH-; -N(FP)-: -CH=CH-: -NHC(0)NH-: - N(r2)C(0)NCR^-; -N[ChfeCBH3(OCH3)2]-: 
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N(CHC6H5)-; -NpHaCeHsjqOjNCCHgCeH^-; -N(alkaxydkyl)-; -N(cycloalkyl-methyO-; 2.6-pytidyl; 2,5-furanyl; 
2,54iienyl; 1 ,2-cyclohexyl; 1,3-cyclohexyl; 1,4-cyclohexyl; 1 ,2-n^phthyI; 1,4-naphihyl; I.S-naphth^; 1,6-naph- 
thyl; biphenylen; or 1,2-phenylen,1,3-phenylen and 1,4-phenylen, wherein the phenyien groups are optionally 
substituted by 1 - 4 substituents, selected from halogen, Icjwer alkyl, lower alkoxy, hydroxy, carboxy, -COO-lower 
alkyi, nitrilo, 5-tetrazol, (2-carboxsrfic acid-pyrrolidin-1-yl)-2-Qxo-ethQxy, N-hydroxycartDamimldoyI, 5-oxo- 
[1,2,4]c)xadiazolyl, 2-oxo-[1,2,3,5|axathiadiazolyl, 5-fhiaxo-[1,2,4]axadiazolyl and 5-t«1-butyl5ulfanyl-[1,2,4]oxa- 
diazdyl; 

X" is -(CH£)„-; -(CH2)„CH(R2)-; -{CH2)nOCH2-; -NHCHj-; benzyl. -CH-C(R2)-; -CH(0H)CH2-. orthiazol-2.&<liyfl; 

is lower alkyl, lower alkoxy or benz^ and 
n is 0-3, 

and to pharmaceutically acceptable salts and mono- and diesters thereof. 

The D-prollnes of formula l-Aand l-B can be used in the treatment or prevenfion of all forms of central and systemic 
amyloldoslB. 
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Description 

[0001 ] The invention relates to D-prolines of the formula 



5 



w 




IS wherein 

R is SH, benzyl or phenyl, optionally substituted by hydroxy or lower ahoxy 
or 

the group 

20 



SB 




fv is hydrogen or halogen; 

30 X is -(CH2)n-; -CH(R2)(CH2)n-; -CH20{C}r^„-: -CH2NH-; benzyl. -C(Fl^=CH-: -CH2CH(OH)-: or thiazol-2,5-diyl; 
Y Is -S-S-; -(CH2)n-; -0-; -NH-; -NCR^)-; ■CH=CH-; -NHC(0)NH-; -N(R2)C(0)N(R2).; -NtCHjCeHsCOCHs)^-; • 
N(CH2CsH5)-; -N(CH2C5H5)C(0)N(CH2C6H5)-; -N(alkDxyalkyl)-; -N(cycloaikyl-methyl)-; 2,6-pyridyl; 2,5'furanyl; 
2,5-thlenyl; 1 ,2-cyclohexyl; 1,3-cyclohexyl; 1,4-cyclohe5!yl; 1,2-naphthyl; 1.4-napiTlhyl; 1 ,5-naphthyl; 1.6-naph- 
thyl; biphenylen; or 1,2-phenylen,1,3-phenylen and 1,4-phenyien, wherein the phenylen groups are optionally 

SB substituted by 1 - 4 substituents, selected from halogen, lower alkyi, lower aikoxy, hydroxy, carboxy, ■ COO-lower 

alkyi, nrtrilo, 5-tetrazol, (2-carboxyllc acid-pyrrolidin-1-yO-2-oxo-ethoxy. N-hydroxycarbainin^doyl, 5-oxo- 
[1,2,4]cKadlazolyl, 2-oxo^1,2,3,5]oxathiadiazolyi, 54iIoxd-[1,2,4] axadiazolyl and 5-tert-butylsuHanyl-[1,2,4]oxa- 
diazolyl; 

X" is -(CH2)n-; -(CH2)nCH(R2)-; -(CH2)nOCH2-; -NHCHg-; benzyl, -CH=C(R2)-; -CH(0H)CH2; or thia20l-2,5-dlyl: 
40 R^ Is lower alkyi, lower aikoxy or benzyl and 

n Is 0-3, 

and to pharmaceutically acceptable salts and mono- and diesters thereof. 

[0002] Compounds of formula i-A and I-B are novel corrpounds with the exception of (R)-1 -[(R)- and (R)-1 -[(S)-3-mar- 
4S capto-2-methyl-propionyl]-pyrroltdine-2-carbaxiiic acid. These compounds are described in WO 97/1 0225, having anti- 
bacterial activity agarist B. firagilis. Furthermore, they are described in J. CompuL-Mded Moi. Des. (1987), 1(2) 133-42 
in a theoretical study of angiotensin-cxjrwertlng enzyme inhbitors. 

[0003] The compounds of formulae I-A or I-B rray contain 4 or 2 asymmetric carbon atoms. Acccrdingly, the present 
invention includes all sterloisomerlc forms of the compounds of formula I-A or I-B, including each of the individual enan- 

so tie mens and mixtures thereof. 

[0004] It has surprisingly been found that the D-prolines of formula l-A and I-B can be used in the treatment or pre- 
vention of all forms of central and systemic amyloidosis, which is a disorder of protein metabolism in which normally 
soluble autologous proteins are deported in the t'ssues as abnormal insoluble fbrils, which cause structural and func- 
tional disruption. The most common disorders associated with amyloidosis are Alzhemer^ disease (AD), maturity 

£s onset diabetes mellilus, or amyldrdosis 

as a significant cause of non-ischaemic heart failure, 

as complication of long term haemodialysis in renal failure, 
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■ as compiication of monoclonal gammqialhies, 
from chronic inflammatory dlsraders, 
from chronic infections or 
from certain types of cancer. 

5 

[0005] FtJrthermore, amyloidosis comprises many different diseases such as forms of hereditary amyloidosis most 
common familtal amyloid polyneuropathy (FAP), scrapie and Kreuzfeld -Jakob disease. 

The common pathological feature is extracellular deposition of so called amyloid proteins in b-structured fibers and the 
same staining characteristics. 

10 [0006] Serum amyloid P component (SAP) is a normal plasma protein and the precursor of amyloid component, a 
universal constituent of the abnormal tissue deposits in amyloidosis. It is resistant to proteases and therefore plays a 
key role in the persistance of amyloid in vivo. E=or therapy pharmaceutically active compounds have to be found which 
would prevent the interaction of SAP with amyloid fbrils. This interaction has been demonstrated to be a protein fiber 
Interaction, rather than an interaction with more general fiber components such as glycosaminoglycans. 

IS [0007] SAP consists as a pentamer of 5 identical non-oovalenSy associated subunits. Two pentamets can ncn-cova- 
lently associate to a decamer with the two pentameric disk-liie rings interacGng face to face. SAP is a caldum-depend- 
errt ligand binding protein. It is pnoduced and degraded exdusively in hepatocytes and eictremely stabile outside the 
liver. 

[0008] The participation of SAP in the pathogenesis od amylQidosis in vivo confirms that Inhibition of binding 1o amy- 

50 loid fibrils is an attractivetherapeLrtic target in a range of serious human diseases. 

[0009] objects of the present invention are the aforement'oned compounds of formula l-A and l-B and salts and esters 
thereof per se and as tt)erapeutically active substances, their manufacture and their use for therapeutic purposes and. 
respectively, for the production of corresponding medicaments as well as medicaments contairing a compound of for- 
mula l-A and [-B or a salt thereof and the production of such medicaments for the said purpose. 

2s [001 0] The te-m "lower alkyl" denotes straight-chain or branched-chain satirated hydrocarbon residues, preferably 
with 1-4 C atoms, such as metfiyl, ethyl, prQp/\, isoprcpyl, n-butyl, 2-butyl, isobutyl andt-butyl. 
[0011] "Halogen" denotes chlorine, iodine, fluorine and bromine. 

[001 2] Compourxls of formula l-A and l-B can form salts with metals, e.g. alloli metal salts such as sodium or potas- 
sium salts or alkaline earth metal salts such as cateium or magnesium sdte^ with organic bases, e.g. salts with amines 
30 such as N-ethyipiperidine, procaine or dibenzyfamine, or saHs wift base arrdno adds such as salts with arginine or 
lysine. These salts can be formed and isolated by methods well known in the art. 

[001 3] The compounds can also be used in the ester form, such esters being aliphatic cr aromatk:, such as, lor exam- 
pie alkyl and phenolic esters. The most prefen-ed esters are alkyl esters derived from 0^.4 alkands, especially methyl 
and ethyl esters. 

ss [0014] Thecompoundsofformulael-Aand l-B can also be used in form of their prodrugs at either one or both carb- 
onyl fu notions. Exanples are esters, intramolecular esters, phosphate esters, double esters, giycotamide esters, glyc- 
eride conjugates, dihydropyrfdfne derivatives or 8-(hydroxymethyl)-1 -naphthylmefiiyldisutfide esters. The prodrugs may 
add to the value of the present compounds advantages in absorption, pharmacokinetics in distribution and transport to 
the brain. (WO 9514705; H. Bundgaard et al., Drugs of the Fliturei Jg. 443, 1991 ; A.N. Saab et a!., Pharmaceutical Sci- 

40 ence, 73^ 802, 1 990; D.M. Lambert et al. , Current Medical Chemistry 1, 376, 1995; 

[001 5] Preferred are compounds of formula l-A. Especially preferred compounds of formula l-A in the scope of the 
present invention are those in which X is CH(R2){CH2)n- and wherein is metfiyl or methoxy and n is 0 or 1. The fol- 
lowing are examples of such compounds: 

« (R)-1-[(S>3-[(S)-3-[(FO-2-Carboxy-pyrrolidn-1-yl]-2-methyl-3-oxopropyl-disulf&nyO-2-methyli3rapionyl]-pyrrol 
2-carboxylic acid, 

(R)-1-[8-[(R)-2-Carfaoxy-pyrrolidin-1-yl)-2,7-dimethyl-8-oxo-octanoyl]-pyrrolidine-2-carbQxylicacid, 
(R)-1 -[8-[(R>2-Caiboxy-pyrrolidin-l -yl]-2,7-dimelhoxy-8-o)(D-octanoyi]-pyrrolidine-2-cart)axylic acid and 
(R)-1-[6-[(R)-2-Carboxy-pyrroiidin-1-yl)-2,5Kiimethyl-6-oxo-hexanoyl|-pyn-olidine-2-carbQxyiic add (mixture of 3 

so diastereomers) 

[001 6] Especially preferred are also compounds, in which X is -(CHz)^- and n is 0 or 1 . Such compounds are: 

(R)-1-[7-[(R)-2-Carbo(cy-pyrrolidin-1-yl]-7-oxD-heplanoy|]-pyn^lidlne-2-carboxylicadd, 
S5 {R)-1-[S-[(R)-2-Carboxy-pyn-olidin-1-yII-6-oxo-hexanoyl]-pyrrolidine-2-carboxylic acid, 
(R)-1-[5-[(R)-2-Carboxy-pyrrolldin-l-yn-5-oxo-pentanoyl]-pyrrolidine-2-carbDxylicacid, 
(R)-1-n4-[2-[(R)-2-Carlx)xy-pyn'didin-1-yl]-2-OKO-ethyl]-phenyl]acetyl]-pyrrolidine-2-cait5oxy)icadd, 
(R)-1-II3-[a-[(R)-2-Carboxy-pynT3lidln-1-yi]-2-oxo-ethoxy]-ureido]-pyn-didine-2-carboxilic add. 



4 



EP 0 915 088 A1 



(R)-1-[[Benzyl-[2-I(R)-2-catboxy-pyrrolidin-1-yl]-2-c»co-elh^-amino]-acetyl]-pyrroMine-2-carbo)tyli^ acid, 
(R)-1-[cis-4-[(R)-2<)artx»cyi3yrrQlidine-1-caibonyt]-cydohexanecait)enyl]-pyiTolidine-2-caito^^^ acid and 
(R)-1 -[[3H2-[(R)-2<;art)Q)cy-p^Hdin-1 -y[]-2-oxo-elhyO-pheny|]-acetyl]-|>yrro^ acid. 

s [001 7] Preferred are further compounds of fbrtnula i-A, wherein X is -CH^O-. Examples of such compounds are the 
following: 

(R)-1-[[2-[2-KR)-2-Cartx»xy-pyrroHdin-1-yf]-2-oxo-e1hoxy]-phenoxy]-acetyt]H3yrro acid, 
(R)- 1 -[[4-[2-[(R)-2-Carbo()(yi)yrrolidin-1 -yl]-2-QXO-elhoxy]-phenoxy]-acetyQ-pynrolidine-2-cartx3x^^ acid, 
10 (R}-l-[[4-[2-[(R}-2-Cartx]xy-pyrrolidin-1-yl]-2-axo-ethoxy]-2HTiethoxy-phenoxy]-acetyl]-pytrdldine-2-catb 

acid, 

(R)-1-P-[2-[(R)-2-CarbQ)cy-pyrrQlidin-1-yl]-2-oxQ-ethQxy]-pheno)(y]-acctyl]-pyrrolldine-2-cartx3xylic acid, 
(R>1-[[3-[2-[(R)-2-Cartxjxyijyn'olidinO-yfl-2-oxo-Bthoxy]-2-methyl-phBnoxy]-acetyO-pyn'olkJm add 
and 

js {R)-14I5p[2-[{R)-2^3artxjxy-ijyrrolldin-1-7f]-2-oxo-ethoxy]™pWhalen-1-yloKy]4ice1yl]-py^ 

[0018] Compounds in which X is -CH2NH are further preferred. 
An Example of such a compound is 

20 {R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2Mixo-ethylanBno]-phenylamino]-acetyl]f)yrrQ(idine-2-carboxylicadd 

[001 91 Ccmpounds, in which X Is -CH2CH(0I-I)- are futher prelen^. 
Such a conpound Is, for example, 

25 {2E,4E)-(R)-1-[6-[(R)-2-Catboxy-pyrrolidin-1-yl]-2,5<iimethyl-6-nxD-hexa-2,4<iienoyl]-pyrrolidine-2-carlxs^ add. 

[0020] The aforementioned compounds of formula I-A and l-B can be manufactured in accordance with the invention 
by 

30 a] converting a compound of ftarnijla 



35 




II 



40 



Into a confsound of formula i 



45 




60 



and then into a compound of formula 



S5 
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HOv^n Qa^ -OH 



O O p,/ R 

wherein X and >C have the sigiificances given abGve and is lower alkyi. 




or 

b) treating a compound of fbimuia 

Rv^ -'X^j^ ^-X*^ ^R 
O O VIII 

with a compound of formula 

RK^^O 

to a compound of lormul a l-A by cleaving off the protecting group, wherein X, Y and X' have the significances given 

above and R'' is hydroxy or hedogen, 

or 

c) reacting a compound of formula 

r' IX 

with an amine of formula 

NHgR^ 

and cleaving off the protecting group from a compound of fbnmula 



R'AS^ B' „ 



wherein R^ and R^ are described as above and R® is hydrogen, lower alkyI, lower alkox>i benzyl, lower alkoxyalkyl, 
cydoaikyl-metiiyl or -CH2C6l-l3(OCH3]2, 
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or 

d) reacting a compound of formula 




vM^ a compound of fcvmula 




and cleaving off the protecting group of a compound of formuia 




XVI 



wherein R\ and X have the significances given above, 
or 

e) reacting a compound of formula 



with a compound of fomula 




and cleaving off the protecting gro^ of compounds of fornula 
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wherein R'', and X have the significances given above and R'' is halogen, lower alkyi, lower aikoxy, hydroxy, car- 
boxy, -COO-lower aikyi, nttrilo, 5-tetrazol, (2-caitQ)cylicadd-pyrraiidin-1-yl)-2-oxo-ethoxy, N-hydroxycartiamimidoyi. 
5-0X0-11 ,2,4]oxadiazolyl, 2-oxo-Il,2,3,5]QxahiadiazGlyi, S-lhioxo^l ,2,4]axadiazolyl and 5-tert-butylsuitoiyi- 
[1,2,4]oxadiazolyl, and m is 0 - 4, 
or 

f) cleaving off a protecting group from a com poind of formulae 




wherein R, R\ X, Y and X' is as described as above and is a protecting group, 
to give a compound of formula l-A or l-B, and, if desired, 

converting a compound of general formulae l-A and l-B into a pliarmaceufically usaUe salt or into a mono- Erd 
diester. 

[0021] In accordance with process variant a) a corrpound of formula l-A-1 is obtained by converting a compound of 
formula II, for example 1-KS)-3-acetyl-sulfanyl-2-methyl-propionyl]-(R)-pyrralidine-2-oarboxylic acid, into acompound of 
formula l-B-1 and then into a compound of formula l-A 1 . Tlie reaction is conveniently effected under inert atmosphere 
at room temperature in the presence of ammonia in a solvent, such as methanol. After stirring for about 2 hours tfie 
compound is separated and siibsequenUy the reaction product can be worked-up to the desired pure product accomding 
to generally usual methods. 

[0022] The compounds of fbrmiia l-A-1are obtained by stirring tine above compound in a solub'on of CUSO4 in water 
at room temperature, "nie precise reaction conditions are descrtoed in more detail in the working Examples. 
[0023] In accordance wifli reaction step b) a protected D-proline is treated with a corresponding dicarboxylic acid or 
with a corresponding acetyl halide at 0°C. The following dicarboxylic acids are preferred: 

[0024] 2,4-dimetiiylglutaric acid, 2,3-dimethylsuccimic acid, cydohexane-1,4-dicarfaoxylrc acid, cyclohexane-1,3- 
dicaitooxylic acid, cyclohexane-1,2-dicatl30xylic acid, 1 ,4-phenyienedacetic acid, 1,3-phenylenediacetic acid, benzene- 
1 ,4-dioic acid, benzene-1,3-dioic acid, pyridine-2,6^icarbaxylic acid, thiophene-2,5-dicarboxy!ic add, 1uran-2,5-dicar- 
boxylic acid, adipic acid, 1,4-phenylenediacetic add, 1,2-phenylenedlacetic acid, {4<artoxymeftyl-naphthylen-1- 
yl)aoetic acid, {6-caiboxymethyi-pyridin-2-yl)acetic acid, (5-oarboxymethyl-thiophen-2-yl acetic add, 2,5-dimethoxy- 
hexanedioic acid, 2,5-dbenzyI-hex-3-enedloic add or 2,5-diisopiTopyl-hex-3-enedloxic add. A detailed procedure is 
descriped in the Examples in the General Procedure A. 

[0025] The reaction step c) d escribes the treatment of an amine, for example propylamine, cydopropyimethylamine, 
methoxyethylamine, benzylamine or veralrylamine with acompound of formula DC. This reaction is carried out at a tem- 
perature between 20 and 80 °C in a sdvent, such as acetonitrile. 

[0026] In accordance with variant d) a oonrpound of formula l-B Is prepared. To a compound of formula XV In dichlo- 
romethane at 0°C is added a corresponding bromacetyl derivative^ such as bromacetyl bromide. End a compound of 
formula V. The deprotection is than carried out by methods known in the art 

[0027] Compounds, in which Y is an optionally substituted 1,2-, 1,3-or 1,4-phenylen group, can be prepared in accord- 
ance with reaction variant e). To a compound of formula XV a corresponding dihydroxy-derivative of formula XVII is 
added. The reaction is carried out in dimethylformamide at room terrperatjre. Preferred are the following dihydtoxy- 
derivafives: fiydroquinone, tetrafluorohydroquinone, chorofiydroquinone, methox^ydroquinone, resorcinol, 2,6-dffiy- 
draxytofuene, 5-methoxyresorcinol, 3,5-dihydroxybenzoale, 3,5-diiydraxybenzonitile, phiorogiucinol, pyrogallol-1- 
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m^hyl ether, 3-m^hylcatechol, tetrachlorocatechd, 2,6-dihydraxynaphlhalene, 1,5-dihyclraxynaphthalene. 2,3-dihy- 
droocynaphthalene, 2,2'-dihydraxyl»phenyl, 1 ,4-naphlhoquinone or 2,7-dihydroxynaphthalene, 
[0028] In accordance with process variant^ a compound of formulae III or IV isdeprotected to a compound of general 
formula l-A or l-B. Suitable protecting groups and methods for their cleavage will be familiar to any person skilled In the 
art, although of course there can be used only those protecfing groups which can be cleaved off by methods under the 
conditions of which other structural elements are not affected. The tert-butyl grojp and the tsenzyt group are preferred 
O-protecting groups. The process'is carried out In conventionai manner. For ecarrple, a compound of Ibrmda III is dis- 
solved in a suitable solvent or mixture of solvents such as ethanol and ethylacetate, and hydrogenated in the presence 
of Pd on carton at room temperature arxj atmospheric pressure. 

[O029] Pharmaceutically acceptable salts and esters can be manufactured according to methods which am known 

per se and familiar to any person skilled In the art. 

[0030] In schemes 1-9 are described processes for pr^aation of compounds of formulae l-A and l-B. staring from 
known compounds or from compounds, which can be prepared in conventional manner. 

[O031] The starting materials of formulae V VI, VIII, IX, X, XII, XIV, XVII, XX and XXIV are commercial products or 
can be prepared according to methods known per se. 

[0032] The preparation of oompourxJs of fonrulae l-A and l-B are described in more detail in working Examples 1-104. 

Scheme 1 




wherein , X and X' have the significarKes given above, is lower alkyl and R^ is a protecting group. 
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Scheme 2 




111 



wherein X, Y and X' have the significances given above and R* Is hydroxy or halogen. 

Scheme 3 




cydoaikyl-methyl or - CH2C6H3(OCH3)2- 
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Scheme 4 



s 



10 



15 



20 




wherein R\ R^, Xand X' have the significances given aboveand istiydrogen, lower alkyi, lower alioixy, or benzyl. 

SB 

Scheme 5 




AS 

w wherein R\ R^ and X have the significances given above. 



so 



BS 
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Scheme 6 




wherein , and X have the signrficances given above and is halogen, lower aikyl, lower all<oxy, hydroxy, 
catfaoxy, -COO^ower alkyi, nilrllo. S-tetrazol, (2-carboxyiic aclcH3yrrolidin-1-yl)-2-oxo-elho5{y, N-hydraxycaitamimidoyl. 
5-GKO-{1,2,4]oxBdlazolyl, 2-cxo-[l,2,3,5]aKa1hiadiazolyl, 5-thia)(o-[1,2,4]oxadia2olyl and 5-tert-butylsuHanyj-[1 ,2,4]axa- 
diazolyt, and m is 0 - 4. 

Scheme 7 




whertn R^, R^, R^, X and X* have the significances given abova 
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Scheme 8 




wherein and have the significances given above. 

Schemes 




XXVI 



wherein R^ has the significance given above. 

The preparation of the following examples Is described in more detail: 




HO i-B 
l-A 
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[0033] As mentioned earlier, the compounds of genera] formula l-A and !-B in accordance with the invention have val- 
uable pharn^cological properties. They can be used against all forms of central and systemic amyloidosis, which is a 
disorder of protein metabolism in vi4iich normally sduble autologous protems are deposited in tfie tissues as abnormal 
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insoluble fibrils, which cause strucLire and functional disruption. 

[0034] Compounds of formula l-A and l-B have been tested by ttie following method: 

Test method 

Binding of SAP (serum amyloid P) to human amyloid ABf1-4a fibrils 

[0035] Nunc Flouro Polysorp 96 well plates were coated with 0.5 (xg/well of Apl -42, whidi had been aged for 7 days 
at 37 °C. PIdes were dried for 3 days at 37 <>C, washed with 2 x 150 (il of TC (10 rrM tris, 1 38 mM NaCI, 6 mM CaCI^, 

ID 0.05% NaNj pH 8.0) with 1% bovine serum albumin. Then 50 pi TC containing 8% bovine serum albumin, 25 jil com- 
pound in TC and 25 jil 40 nM I125I] serum amyloid protein in TE (10 mM EGTA instead of Ca) were added per well. 
Incubation was performed over night at room temperature and wells were washed twice with 180 fil of TC containing 
1% bovine serum albumin. To determine radioactivity 100 ti\ Microscint 40 were added per well and radioactivity was 
measured in a TopCount (Paclerd). 

IS The IC50 (^M) of preferred compounds of tbrmula l-A and l-B are In the range of about 0.2 - 2.0. 

[0036] Tlie compounds of formula l-A and l-B and their pharmaceutically acceptable acid addition salts, their mono- 
and diesters and cyclic imides thereof can be used as medicaments, e.g. m the form of pharma-ceutical preparations. 
The pharmaceuf cai preparations can be administered orally, e.g. in the forni of tablets, coated tablets, dtagtes, hand 
and soft gelatine capsules, solutions, emulsions or suspensions. The administration can, however, also be effected rec- 

20 tally, e.g. in ihe form of suppositories, parenterally, e.g. in the form of injection solutions, or nasally. 

[0037] For the manufacture of phaimaceutical preparations the compounds of formulae l-A and l-B and the pharma- 
ceutically acoept^le acid addition salts and esters thereof can be processed wHh pharmaceutically Inert, inorganic or 
organic caniers. Lactose, corn starch or derivatives thereof, talc, stearic acid or its salts and the like can be used, for 
example, as such carriers for tablets, coated tablets, drag6es and hard gelatine capsules. Suitable carriers for soft gel- 

2B atine capsules are, for example, vegetable oil, waxes, fats, semi-soiid and liquid polyols and the lil<e. Depending on the 
nature of the active substance nocarriers are, however, usually required in the case of soft gelatine capsules. Suitable 
carriers for the manufacture of solutions and syrups are, for example, water, polyols, glycerol, vegetable oils and the 
lil<e. Suitable carriers for suppositories are, for example, natural or hardened oils, waxes, fats, semi-liquid or liquid poly- 
ols and the h'ke. 

30 [0038] The phannaoeutical preparations can, moreover, contain presenrafivee, sdubiiizers, stabilizers, wetting 
agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying the osmotic pressure, buffers, coafing agents or 
antioxidants. They can also contain still other therapeutically valuable substances. 

[0039] Medicaments containing a compound of formulae l-A or l-B or a pharmaceutically acceptable acid addition salt 
or mono-and diesters thereof and a therapeutically inert varrler are also an obje ct of the present inventi on, as is a proc- 
35 ess for their manufacture which comprises bringing one or more compounds of formula l-A and l-B and/or pharmaceu- 
tically acceptable acid addition salts and mono-and diesters thereof into a galenicd administration form together with 
one or more therapeutically inert carriers. 

[0040] ki accordance with the hventlon conpounds of general formula l-A and l-B as well as their pharmaceutically 
acceptable acid addition salts and mono-and diesters thereof can be used used in the treatment or prevention of central 
*! and systemic amyloidosis. The most common disorders associated with arriyloidosis are Alzheimer's disease (AD), 
maturity onset diabetes mellitus, or amyloidosis 

as a significant cause of non-ischaemic heart failure, 
as complication of long term haemodialysis in renal failure, 
4B - as complication of monoclonal gammopalhies, 
- from chronic inflammatory dsorders, 
from dvcnic infections and 
from certain types of cancer. 

so [0041 ] Furthermore, amyloidosis comprises many different diseases such as fonns of hereditary amyloidosis most 
common familial amyloid poly neuropathy (FAP), scrapie and ICreuzteld-Jakob disease. 

[0042] Furthermore, the present compounds can be used for the manufacture 01 corresponding medicaments. The 
dosage can vary within wide limits and will, of course, be fitted to the indiwdual requirements in each particular case. In 
the case of oral adrrBra'sfradion the dosage lies in a range of about 0. 1 mg per dosage to about 5000 mg per day of a 
ss compound of general fbrmulae l-A or l-B or the corresponding amount of a pharmaceutically acceptable add addition 
salt or mono- and diesters thereof, although the upper limit can also be exceeded when this is shown to be indicated. 
[0043] The following Examples illustrate the present invention in more detail. However, they are not intended limit its 
scope in ariy manner. All temperatures are given in degrees Celsius. 
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(R)-1-f(S)-34fS^-3-[fR}-g-cartxixv-atfrrolicgn-1-vn-2-methvl-3-oxopropyl<liSL^ 
cartxjxvlic acid 

1>rfS^3-(AcetvlsuKanvlV20-rne1lwl-DroDionvn-fR>-wrrolidine-2KarbQxylic acid lert-butvlester and 1-rfR)-a-(AceM- 
Bulfanvl)-20-methvl-propionvn-m)i3vrroiidine-2-carb(»evlic acid tert-butvlBetar 

[0044] 1 8.6 ml Trletliylamine were given at 0-5 "C to a solution of 23.2 g (135 mmol) D-praline-tert-bulylesler in 230 
ml dry dichiorometlnane. A sdution of 24.5 g (135 mmol) S-(3-cliloro-2-methyl-3-oxopropyl)efrianethioic acid ester in 
1 16 mi diciiioromethane were added at this temperature C3ver a period of 1 hour and stirring was continued at room tem- 
perature for 2 liours. Tfie precipitate was removed by filtration. Tfie solution was wasfied with water and dried with 
sodium suHate. Evaporation of the solvent at reduced pressure gave 41 .4 g colourless oil which was chromatographed 
on 4 kg silicagel with ether/cylohexane 2/1 yielding 19.6 g (46%) H(R)-3-(acetylBiiHanyl)-20-methyl-prapionyl]-(R)-pyr- 
rolidlne-2-carbaxylic add tert-butylester and 18.2 g (43"!^ 1-[(S)-3-(Aceityl6uKanyl}-20-ineliyl-propionyq-(R]-pyrrDlid- 
ine-2-carboxyfic acid tert-butylester and 1 .6 g mixture of epimeie. 

MS m/e(%) =315 (tW1+, 3), 259(10), 242(10), 214(100), 172(10), 145(32), 70(22); 
[a]D=-0.7°(1%EtOH). 

MS nVe(%) =315 (I«l+, 4), 259(7), 242(^. 214(100), 172(9), 145(33), 70(33); 
[aJD-<-156.7'>(1%EtOH). 

M 14fS13^BtvlBulfanvl-2-methyl-proplonvll-fR)-pyrr olldlne-g-r.artxiO(yllc add 

[0045] 15.45 g (48.9 mmol) 1-[(S)-3-(Acetylsulfanyl)-20-methyl-propionyl]-(R)-pyrrolidine-2-carboxyl!c acid tert- 
butylester were stirred with 99 ml trifluoric acid and 55 ml anisole under argon for three hours. The mixture was evapo- 
rated under vakuum. The residue was dissolved in about 100 ml icBcoid ethyiacelate and washed with about 200 ml of 
an icecold aqueous solution of sodiumbicarbonate. Concentrated hydrochloric acid was added unter icecooling until ph 
1 -2. The aqueous phase was extracted four times with icecold ethylacetate, dried with sodium sulfate and evaporated. 
The yield was 11.6 g (91%) 1-[(S)3-acetylsiJfianyl-2-methyl-propionya-(R)-pynrolidlne-2-carboxyllc acid that was used 
without further purification. 

[a]D=-11.8°(0.e%EtOH). 

c^ 1-rfSt3-MercaotD-g-methyl-proplonvn-fRVpvmolldi ne-2-oaifaaxvllc acid 

[0046] 11.59 g (44.69 mmcd) 1-[(S)3-aoetylsulf3nyl-2-methyl-pn}pionyl]-(R)-pyrrolldine-2-carbaxyfic add were dis- 
solved at room temperature under argon in 70 ml argon washed methanol. After addition of 70 ml ION ammonia in 
methanol stirring was continued for two houiB at room temperatura Then the solvent was distilled off under vacuum. 

The residue was taken up with 5% aqueous KHSO4 solution and extracted six times with with dichloromefhane. The 
organic layers were washed twice with 5% aqueous KHSO4 sol ution, three times with 1 N hydrochloric add and dried 
over sodiunisulfale. Evaporation of the solvent and crystallization from ethyl acetate/hexane yielded 6.25 (64%) 1-[(S)3- 
mercapto-2-methyl-propionyl]-(R)-pyrrolidine-2-carboxylic add with melUng point 99-101 °C. 

alD=+40.7 " (1% EtOH). 

d) fRV1-rfSV3-rfS)-a-[fR)-2-CaffaQi(y-pfvriQlidin-1-v n-2-methyl-3-o«opmpyldBulfanyl]-2-mathvl-pr^ 

carboxyiic add 

[0047] A solution of 749 mg (3.0 mmol) CUSO4 x 5 HjO in 90 ml water was added at room temperature to a solution 
of 651.85 mg (3.0 mmol) 1-[(^3-mercapto-2-methyl-propionyl]-(R)-pyrrolidine-2-cart)oxylicacid in 90 ml dichloromefh- 
ane. The mixture was vigorously stin-ed for 10 minutes and filtered. The aqueous phase was washed 5 times with 
dichioromethane, the organic phases were washed with brine and dried with magnesiumsulfate and the advent was 
removed under vakuum. Crystallization from dichloromethane/hexane gave 275.3 mg (43%) (R)-1-[(S)-3-[(S)-3-[(R)-2- 
carboxy-pyrrolidin-1-yl]-2-methyl-3-oxoi:yopyldisuKanyQ-2-methyl-Fffppionyl]-pyn(ididine-2-carboxyli add with melting 
point 142-1 440c. 

[a]D=*42.S''(1%CHCl3). 
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Example 2 

f R)- 1 -rf ro-3-rf ro-a-rf m-a-Caifaoxv-pyrrolidin-l -vn-a-mBthvl-3-oxoHyopvldisul1anvl)-a-melhvlH3rooionvn-DvrrolidinB-2- 
carboxylic acid 

B 

a) 1-rfm3-AceWlsijltanvl-g-methvl<yoolonvn-fR^Pvrrolidine-2-carbCDW acid 

[0048] 18.9 g (60.0 mmol) 1-(3-acetylsulfany!5-rnethyI-propionyl)-pyrrDlidlne-2-carboxylic acid tert-txJlyl ester were 
stirred with 1 20 ml trif luoric acid and 75 ml anisole under argon for three hours. The mixture was evaporated under vak- 
10 uum. The residue was dissolved in icecold ethylacetate and washed with an icecold aqueous solution of sodiumbicar- 
bonate. Concentrated hydrochloric acid was added unter iceoooiing until ph 2-3. The aqueous phase was extracted 
three times with icecold ethylacetate, dried virith sodium suliate and evaporated. The yield was 15.3 g (98%) 1-[{R)3- 
acetylsuKanyl-2-mei>T^-proplonyl]-{R]-pyrrolidine-2-caitioxyilc acid that was used without further purification. 

IS [a][j=+127.8°(1%EtOH). 

b) 1- f(R^3-MBrcaDto-2-merthvl-aropionvn-fRlHJvnrolidine-2-caiboxvlic add 

[0049] 2.98 g (11.5 mmol) 1-[(R)3-Acetylsulfanyl-2-methyl-propionyi]-(R)-pyfrolidine-2-cart»xylic were dissolved at 
eo room temperature under argon in 15 ml argon washed methanol. After additim of 15 ml ION ammonia in methanol stir- 
ring was continued for two hours at room temperature. Then the solvent was distilled off under vacuum at room temper- 
ature. The residue was taken up with 5% aqueous KHS04salution and extracted six times with with dichlorom ethane 
and three times with ethylacetate. Hie organic layers were washed twice with 5% aqueous KI-ISO4 solLition, three times 
with 1 N hydrochloric acid and dried over sodiumsulfate. Evaporation of the solvent and crystallization from ethylace- 
ss tate/hexene yielded 1.59 g (64%) 1-[(R]3-meicapto-2-n[iethyl-propionyl]-{R)-pyn'olidine-2-caiboxyllc acid with melting 
point 98-100 "C. 

[a][yH-128.8 ' (1% EtOH). 

30 c) fR)-1-[(R)-3-[(R)-3-[(R1-g-Carfaoxv-ovrrolidin-1-vll-2-rnethvl-3-oxQpropvidisulfanvl)-g-methvl-pfopionvr|-pyrrolidine-2- 
carboxylic acid 

[0050] Analogous to example 1d): 
35 MS mfe (%): 432(M+.2) 217(100). 184(76), 172(67), 142(13). 70(79), 41(21). 
Examples 

(R)-1-I3-i3-rfR')-2-Carboxv-pvrrolidin-1-yl]-3-oxo-Dropvldisulfanvfl-propionvn-Pvrrolidlne-2-cartx>xv1ic acid 

40 

[0051] 0.9 g (4 mmol) 1-(3-mercapto-propionyl)-(R)-pyrrolidine-2-caitoxylic acid (raw material) were dissolved In 
dichloranethane and extracted with 50 ml of an saturated aqueous solution of CUSO4. The aqueous phase was 
extracted twice with dichloromethane, the combined organic phases filtered, dried with magnesiumsuHate and evapo- 
rated. Chromatogr^hy with dichloromethane/ksetone/ fomiic acid 80C0/1 gave 70 mg (R)-1-[3-[3-[(Ri)-2-cart)oxy-pyr- 
4S ro!idin-1-yl]-3-oxo-prapyldisulfanyfj-proptonyq-pyirolidine-2-carboxylic acid as a colourless oil. 

ISN -MS: 403 (M-H)'. 

Example 4 

f RM -rg-rf RV2-Carbo xy-Dyn-olidin-1 -v1-9-oxo-nonanovnDvm3Hdine-2-caitQxvlic add 

a1 fRV1-[9-rfRV2- BenzvlQXVcartDonvl-pyn'olidin-1-vn-9-oxo-nQnanovll-Pvrrolidine-2-carbQxvlic acid benzyl ester 

ss [0052] 0.97g (4 mmol) D-proline-benzylester hydrochloride in 25 ml dichloromethane were stirred with 450 mg (2 
mmol) azelaoyi chloride and 1.12 ml (8 mmol) triethylamine for 20 hours under argon at room temperature. Extraction 
with 2N hydrodiloric acid and brine, drying with sodiumsultate and evaporaHon gave 1.2 g oil which waschromato- 
graphed over silicagel with acetoacetate to yield 0.9 g (80%) (R)-1-[9-[(R)-2-benzyloxycarbon/-pyrralidin-1-yl]-9-oxo- 
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nonanoyQ-pyfrolidine-2-carboxylic add benzyl ester as colaurless oil. 

■"H-NMR (CDQa, ppm): 1.1-2.4 (m. 22H). 3.4-3.7 (m.4H). 4.4-4.6 (m. 2H). 5.1-5.3 (2xAB, 4H), 7.34 (m. 10H). 
b) fm-1-^^-^fro-2-Catfaoxv^Dv^rolldi^-1-vl)-9-0Ko-^o^anov^pv^rolldl^B-2-carboxvllc acid. 

[OOS^ 1 00 mg (0.1 8 mmol) (R)-1-[9-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-ylI-9-oxo-nonanoyQ-pyrra(ldlne-2-carboxy- 
lie add benzyl ester in 20 ml ethanol were tiydrogenated in ihe presence of 20 mg 5% Pd on carbon for two fiours at 
room temperature. Filtration and evapaation gave 60 mg (R)-1-{9-[(R)-2-catfaoxy-pyrrolidin-l -yl]-9-axo-nonanoyQpyrro- 
lldine-2-carbQ9cylic add, as a dourless oil. 

ISP-MS: 383 (MH^. 

Examples 

f R>-1 -rs-rf m-2-Cart»)tv-pvn-olldin-1 -^•g. 7-dim^thvt-8-oxo-octancyll-pvrtoHdlne-2-earboxylic add 

[0054] 1 .2 g C5,0 mmol) 2,7-dimethyl-octanedioylic chloridB were dissolved in 100 ml dimethylformamid, 1 .15 g (10 
mmol) D-proline and 1.4 ml (10 mmol) triethylamine were added and the mixture warmed to 50 °C for five minutes. Stir- 
ring was continued at room tenperature over nigtit The solvent was distilled off and ttie residue tal<en up in 30 ml 2N 
tiydrocfiloric acid. Extraction witfi etiiylacetate, drying witti sodlumsulfale, evaporation and cfiromatography over sili- 
cagel wHti diloroiorm/acetone/fbrmic add 80/15/5 gave 0.11 g (R)-1-[8-[(F9-2-carba)cy-pyr(olidin-1-yl)-2,7-dlmel}iyl-8- 
oxo-octancyl)-pyrrolidine-2-carbQxvdfc add as colourless oil. 

ISP-MS: 397 (MH)*. 

Example 6 

m^1-r8-rfR^2-Cartx>Kv-p vn-didln-1-yfl-2.7-dimattwxy-8-oxo-octanovn-DVfrolldinB-2-carboicylicadd 

a) (R)-1-[B-[fRV2-Benz vlaxvcarbonvl-twn-olidln-1 -vl)-2.7-dimelhoKy-8-o)tt><ictanovl1-ovnplidine-2-carboxvlic add ben- 
zyl ester 

[0055] To 0.25 g (1.1 mmol) 2,7-dimethoxy-octanedioic add in a mixture of 25 ml tetratiydrofuran and 20 ml dichlo- 
romethane was added a solution of 0.35 g (2.1 mmol) carbonyldiimidazole in 15 ml tetratiydrofuran. After stirring at 
room temperature for two hours 0.52 g (2.1 6 mmol) D-proline-t}enzylester tiydroctiloride in 1 0 ml dictilorom^ane and 
0.54 g triethylamine were added and stimng was continued far 18 tlours. 

[0056] After filtration the solvent was distilled off and ttie residue dissolved in ettiylaceitate and extracted wRti ZN 
hydroctiloric add and water. Drying witi sodiumsuHate, evapoEBlion of ftie solvent and ctiromatograptiy over silicagel 
witti ettiylaceiteate yielded 0.21 g (R)-1-[8-[(R)-2-bsnzyloxycarbonyl-pyrrolidiiv-1-yl]-2,7-dimeitliQxy-8-oixD-octanoyl]flfr- 
rolidine-2-carboxylic acid benzyl ester as acolourless oil. 

S-ISP: 609 (M+H)*. 

b URV1-f8-t(RV2-CarbQxi^pvrrolidln-1-vn-2.7-diniethoxy-8-oxD-octanovn-Dvn-didine-2-caifaoxvllcadd 

[0057] 182 mg (0.3 mmol) (R)-1-[8-[(R)-2-bBnzyloxycarbonyl-pyn-olidin-1-yfl-2.7-dimethoxy-8-Qxo-octanDyl]-pyrrolid- 
ine-2-caitx]xylic add benzyl ester in 10 ml mettianol were ttyctrogenated in ttie presence of 30 mg 5% Pd on carbon. 
Filtration and evaporation of the solvent yielded 109 mg (84%) (R)-1-[8-[(R)-2-carbcxy-pyrrolidin-1-yI|-2,7-dlmethoxy-8- 
oxo-octanoyl]-pyrro!idine-2-carboxytic acid as colourless oil. 

MS: 427 (M-H)'. 

Example 7 

fR)-1-r7-rrR)-2-Carboxv-Dvn-olidln-1-vn-7- Qxo-heDtancvl1-pvrTdidine-2-carfaoxvlicacid 

[0058] A mixture of 0.99g (5 mmol) pineloyl ctilorkJe, 1.15 g (10 mmol) I>prdine and 1.4 ml (10 mmoO triettiylamlne 
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inl 00 ml dimettiyliormamide was warmed until a clear solution was obtained and then stirred (wer night at ambient tem- 
perature. The solvent was dfsfilled off under vakuum. The residue was taken 143 with 2N hydrochloric acid and extracted 
with dichloromethane. Evaporation of ttie solvent and chromatography oversilicagel wllh chloroform/aceton/formic acid 
80/15/5 yielded 0.27 g (R)-1-[7-[(R)-2-carbQ)cy-pyrrolidin-1-yO-7-oxo-heptanoyl]-pyrrolidine-2-cartx)xylic acid as an oil. 

MS: 353 (M-H)". 

Example 8 

tm-l -r6-f(R)-2-Cart»xy-pynrdidin-1-Yll-6 <axp4iaxanovl1-pyrrdidine-2n(arbo^ acid 

ai fRV1-r6- rfR>-2-BenzvloxvcMbonvlHamalldin-1-vn-6-oxo4iexanov[]-pvrrolidine-2-carbo8tvlic acid benzvl ester 

[0059] 0.S7 g (10 mmol) D-proline-benzylestBr hydrochloride in 70 ml dichloromeithane yvere stirred with 0.92 g (5 
mmol) acBpoyI chloride and 2.8 ml (20 mmol) triethylamine over the weekend under argon at room temperature. Extrac- 
tion with 2N hydrochloric acid and water, drying with sodiumsuHate, evapcration and chromatography over silicagel with 
acetoacetate to yielded 0.42 g (16%) (R)-1-[6-[(R)-2-benzyloxycarbonyl-pynrolidin-1-yl]-6-a){o-hexanQyfl-pyrrolidine-2- 
carboxyllc acid benzyl ester as colourless oil. 

MS-ISP: 521 (M+H)*. 

b) fR)^1-[6-fm>-2-Catbaxv-py^rolidin-1-yl] ■6^<^xo^1alca^0i¥l^■pyrHllldi^e-g-carhnKylin ariri 

[0060] 410 mg (0.79 mmol) (R)-1-[6-[(R)-2-bienzyloxycartx)nyf-pyrrolidin-1-yI]-6-Dxo-hexanoyl]-pyrroiidine-2-carboxy- 
lie acid benzyl ester in 100 ml methanol were hydrogenated in the presence of 50 mg 5% Pd on carbon. Filtration and 
evaporation of the solvent yielded 160 mg (59%) (R)-1-[6-[(R|)-2-carbQxy-pyrrolicin-1-yl]-6-oxo-hexanoyl]-pyrrolidine-2- 
carboxyiic acid as colourless oil. 

MS: 339 (M-H)". 

Example 9 

fm-1-r54fRV2-Carbaxv-mffralidin-1-vll- 5-axo-pentanovn-cvrroliclne-2-carboxvlicacid 

a) fR)-1-r5-rfR)-2-BenzvkOTcarbQnvl-PVtrolldln-1^fn-5- oxo-penlanoyl]-pyrrolidlne-2-carbo){vlie add benzyl ester 

[0061 ] 0.97 g (1 0 mmol) D-proilne-benzyiester hydrochloride in 70 ml dichloromethane were stirred with 0.85 g (5 
mmoO glutaryt dichloride and 2.8 ml (20 mmol) triethylamine over night under argon at room temperature. Extraction 
with 2N hydrochloric acid and brine, drying with sodiumsulfate, evaporation and chromatography over silicagel with ace- 
toacetate to yielded 0.44 g (17%) (R)-1-[5-[(R)-2-benzyfoxyGarbonyl-pyrrolitSn-1-yl]-5-oxo-pentanoyl]-pyrroiidine-2-car- 
boxyiic acid benzyl ester as colourless oil. 

MS-ISP: 507 (M+H)*. 

bURM-[5-lfRV2-CarfaoxvHawTOlidin-1- vn-5-oxo-oeraanovn-pytrolidine-2-carboxvlicacid 

[0062] 440 mg (0.87 mmof) (R)-1-[5-[(R)-2-benzyloxycartionyt-pyrTolidin-1-yl]-5-oxo-pentanoyl]-pyrrolidine-2-carbox- 
ylic acid benzyl ester in 100 ml ethanol were hydrogenated in the presence of 40 mg 5% Pd on carbon. Filtration and 
evaporation of the solvent yielded 130 mg (46%) (R)-1-[5-[(R)-2-carfaoxy-pynrolidh'-1-yl]-5-oxo-pentanoyO-pyrro!idine-2- 
carboxylic acid as colourless oil. 

MS- ISP: 327 (M+H)*. 



24 



EP 0 915 088 A1 



E)ample 10 

(R)-1 •[4-[(R)-2-Cartx»xy-pvrrdidin-1 -yI}-4-oxo-butyryr|i3yrrolidine-2-carba)cvlic acid 

s at (R)-1-f4-[(R)-2-Benzylmcycarbonyl-pvrrolidin-1>vl]-4-(Bto-butvryni]Tffrolidine^^^ addbenzvl ester 

[0063] To a solution of 300 mg (1 .2 mmol) D-Proline benzyl ester hydrochloride and 0.35 ml (2.5 mmol) triethylamine 
in 9 ml dichloromethane at 0 "C was added dropwise 6S ml (0.6 mmd) sucdny! chloride and stlmng continued for 24 h 
at room temperature. The reaction mixture was then washed sequentiafly with saturated ammonium chloride solution, 
10 saturated sodium bicarbonate solution and finally with water, and the aqueous phases back-extracted with dichlo- 
romethane. The combined organic extracts were dried over sodium sulphate and concentrated in vacuo to afford 286 
mg (94%) of the title compound as a pale yellcw oil. 

MS w/e (%): 510 (IM + NH4*. 20), 493 (M + H+. 100). 288 (80). 

IS 

ti\ mV1-[4-f(RVg-CaitaoKv-pyrrolidin-1-yn-4.a)(o-butvrvl1-pwrro lidlne-g-caifaoxv[ie acid 

[0064] A solution of 256 mg (0.5mmol) (R)-1-[4-[(R)-2-benzyioxycarbonyl-pyrrolidin-1-yt]-4-oxo-butyryl]-pyrrolidine-2- 
carboxylic acid benzyl ester in 5 ml ethanol was stirred with 13 mg 10% Palladium an carbon under 1 aim of hydrogen 
20 for 1 6 h at room temperature. Afterfiltration to remove the catalyst, concentration in vacuo afforded 1 70 mg (1 00%) of 
the title compound (R)-1-[4-I(R)-2-cartjoxy-pyrrolidin-1-yI]-4'-oKo-bufyryl]-pyrroildine-2-cartjoxyllc add as a colourless 
viscous oil. 

IMS m/e (%): 313 (M*H)+. 1M). 

25 

Example 11 

f RV1 ■[I2-l2-[2-rf RV2-Caiboxv-avrTolidin-1 -vl^-g-cix o-e!thoxy | ethoxy|-e<hDa{y]-aG6tyil-pyrrolidine-2-cari30iyfic add 

30 [0065] A mixture of 1 .04 g (4 mmol) 2,2'-[a){ybis(2,1 -ethanediyioxy)|3is acetyl chloride, 0.92 g (8 mmol) D-praline and 
1 .2 ml triethylamine in 200 ml dimethyliormannide was stirred for three days at ambient temperature. The solvent was 
distilled off under v^um. The residue was chromatographed over sBicagei with methanol to yield 0.42 g (R)-l -[[2-12- 
[2-[(R)-2-carbo]Qr-pyrrolidin-1-yl)-2-axo-ethoxy]ethoxy]-ethaxy]-acBtyl]-pyn'olidine2-caiboKyfic acid as a be^e hygro- 
scopic solid. 

35 

MS-ISP: 417(M+H)+. 
Example 1g 

40 f m-1 -r3-r4-l3-rfRV2-Carbaxv-pvniolidin-1 -vn-3-a)iD-tiroD vl1-phenvl|-proDionvll-Pvtrolidlne-g-carfaoxvlie acrd 

[0066] A mixture of 1.30 g (5 mmol) 1,4-benzene dipropancyl dichloride, 1.15 g (10 mmol) D-proline and 1.5 ml tri- 
ethylamine in 1 00 ml dimethylformamide was stirred for 24 hours at ambient temperature. The suspension was filtered 
and the solvent was distilled off under vakuum. The residue was taken up in acetoacelate, washed with 2N hydrochloric 
45 acid, dried over sodiumsuKate and chromatographed over silicagel with dichloromethane/ acetone/formic acid 80/5/1 5 
to yield 0.48 g (R)-1-{3-[4-I3-[(R)-2-carboov-pynBlidin-1-yl)-3-oxD-prapyl]-phenyl]-propioriyl|-pyrrolidine-2-carl30^ 
acid as colorless foam. 

MS-ISP: 417 (M+H)*. 

50 

Example 13 

f R)-1 -fr4-fg-rf m-a-Carboxv-pyrrolidin-l -vil-2-oxo-Bthvl1-DhenvnacetvIl-Dvrrolidine-g-cafboxvlic add 

55 [0067] A mixture of 1 .15 g (5 mmol) 1 ,4-benzene diaoetyl dichloride^ 1 .1 5 g (1 0 mmol) D-proline and 1 .5 ml triethyl- 
amine in 100 ml dimethylformamide was stirred for 20 hours at ambient tenperature. The solvent was distilled off under 
vakuum. The residue was taken up in 30 ml 2N hydrochloric acid, treated with ultrasound, filtered and dried fo yield 1 .1 9 
g of a brown solid. This was stin-ed and refluxedfor 30 minutes in 300 ml methanol. RItration, evaporation and recrys- 



25 



EP 0 915 088 A1 

tallization from methanol/acetoacetate gave 0.18 g {R)-1-[I4-|2-[{R)-2-cari30xy-pyfroiidin-1-yri-2-oxo-e1hyl]-phe- 
nyl]acetyl}-pyn'olidine-2-cartx»cylic acid as yellow crystals with melting point 210-214°C. 

MS-ISP: 389 {M+H)*. 

Example 14 

fR)-14l2-r2-rfR^2-Cait»3KV-DvrrolidinO-vll-2-oxo-elhox v1-rti9now1-aceN^ 

(P,)-^ -rr242-[(R)-2-BergvloxYcarbojTVl-pyrrolldin-1-yll -2-oxo-ethoxy]-pharTOylacet add 
benzvl ester 

10068] To 0.566 g (2.5 mmol] 1 ,2-phenylenedioxyacetic add In 60 ml tetrahydrofiran was added a solutian of 0.81 g 
(5mmol} carbonyldiimidazole in 25 ml tetrahydrofuran. AftfirsUtring at room temperature far two hours 1.21 g (Snrnol) 
} D-proline^enzylester hydrochloride in 30 ml dtchloromefiiane and 1.4 inl triethyiamrie were added and stirring was 
continued over the weekend. The mixture was extracted with 2N hydrochloric acid and brfne. Drying with sodiumsulfate, 

evaporation of the solvent and chromatography over silicagel with ethyiaceteate yielded 0.25 g (R)-1 -[I2-[2-[(R)-2-ben- 
zyloxycarbonyl-pyrrolidin-1 •yl]-2-oxo-ethQxy]-phenoxy]acetyI}-pyrrolidine-2-carboxiiic add benzyl ester as colorless oil. 

MS m/e (%): 600 (1 ,M^, 509 (1), 368 (25). 246 (17). 217 (19), 204 (14), 91 (100). 

b)fR)-1-rr2-l24m)-2-CarboxvKwrrolidin-1-vl^2KMO-ethoxv1-phenoocy] -aeBtyl] 

10069] 230 mg (0.38 mmol) (R)-1-[I2-£2-£(R)-2'banz^Oxycarbonyl-p^olidln-1-yl]-2-oxo-ethoxy]-phenoxy]acetyl]-pyr- 
rolidine-2-carboxilic add benzyl ester in 100 ml ethanol were hydrogenated in the presence of 30 mg 5% Pd on carbon. 
Filtration and evaporation of the solvent yielded 0.2 g (R)-1-[I2-[2-[(R)-2-carboxy-pyrrDlicltn-1-yl]-2-oxo-ethoxy]-phe- 
noxy]-acetyl]-pyrrolidine-2-carboxilic add as colourless glass (that still contained small amounts of ethanol) 

MS-lSP: 421 (M+H)*. 

Example 15 

(R^-1 -rS-16-l3-ffR^2-Carfaoxv-Dvrrolldin-1 -vn-3-oxo-pro pyn-pyridin-2-yllprapionyi)-DWTOlidine-2-carbaxvllc add 
a^ 3-r6-f2-Carboxv-ethyl)-pyridin-2-vlT-proplQnlc acid 

[0070] A rrixture of 25.6 g (0.2 mol] naphthalln and 1 .39 g (0.2 mdl) lithium In 150 ml tetrahydrofurane was stirred for 
three hours at room temperature. After cooling to -15°C a sdution of 5.72 mi (0.1 mol) acetic add In 10 ml tetrshydro- 
furane was added and stirring was continued for three hours at room temperature. Then 1 3.3 g (0.5 mol) 2,6-bis-(bro- 
momethyl)pyridine in 65 mi tetrahydrofurane was added and stirring was continued over night at room temperature. 200 
ml ether were added and the mixture was extracted with water. The water layers were filtered through 200ml BioRad 
AG1 -XS ion exchanger. The ion exchanger was washed with water until neutral and then eluated with acetic acid/water. 
Product containing fractions were evaporated, dissolved in water and lyophylised to yield 3.9 g (35%) 3-[6-(2-cartx]xy- 
ethyl}-pyridin-2-y!]-propionic add as a light yellcfw powder. 

MS m/e (%): 223 (MMS). 178(100). 160(81). 132(88). 104(16). 77(13). 

fRV1-l3-f6-f3-rfR)-2-Benzvloxvcarfaonvl-Pvrrolidln-1-vl1-3-oxo-propyl]-pyridin-2-yll-DroDionvn-Pvrrolidine-2-carboxv- 
lie acid benzvl ester 

10071] To 0.45 g (2.0 mmd) 3-[6-(2-catboxy-ethyl)-pyridin-2-yl]-propionic acid in a mixture of 25 ml tetrahydrofuran 
and 25 ml dichloromethane was added a solution of 0.65 g [4.0 mmol) carbonyldiimidazole In 20 ml tetrahydrofuran. 
After stirring at room temperature tor two hours 0.97 g (4.0 mmol) D-proiine-benzy tester hydrochloride in 50 ml did^o- 
romethane and 1.12 gtriethylamine were added and stin-ing was continued for 18 hours. Then elhylacetate was added 
to the mixture followed by extraction with water. Drying with sodiumsulfate, evaporation of the solvent and chromatog- 
raphy over silicagel with ethylaceteate/hexane 218, then ethylacetale, then ethylacetate/methanol 95/5 followed by a 
second chromatography of file product containing fractions on silicagel wth aceton/hexane 6/4 yielded 0.18 g (15%) 
(R)-H3-[6-[3-[(R)-2*enzyloxycarboriyl-pyrrolidln-1-yl]-3-oxoi3ropyll-pyridin-2-yl]-prGpiQnyI^ 
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acid benzyl ester as acolourless oil. 
MS-ISP: 598 (Mi-H)*. 

c) -f346^^3^f RV2-<;ail30Ky-pyrrolldin-1-vlV<3-o)co-prepvll<)^ add 

[0072] 0.17 g (0.29 mmol) (F^-1-E3-[6-[3-KR)-2-benzylQxycaibonyl-pyrrolidin-1-yO-3 oxo-propyl]-pyrlcin-2-yl]-propio- 

nyl]-pyrrolidine-2-carboxylic acid benzyl ester in 100 ml ethanol were hydrogenated in the presence of 35 mg 5% Pd on 
carbon. Filtration and evaporation of the solvent yielded O.llg (92%) (R)-1-[3-[6-E3-[(R)-2-cart5oxy-pyrroiidin-1-yI]-3- 
axo-propyf|-pyridln-2-yl]propionyl]'piyrrolidine-2-carbaxylic acid as colorless oil. 

MS-ISP: 418 (M+H)*. 

Example 16 

fR)-1-[3-[[3-[(R)-2-Carbo>fv'-pyrrolidin-l-yl]-3-oxo-propyl]-propvl-amino]-propionyl]-pyiTdidine-2-cartaoxylicad^ 
a) fRV1-Acrvlovl-pvrrolidine-2-carboxvlic acid benzyl ester 

[0073] To a solution of 390 mg (1.6 mmol) D-ProBne bonzyl ester hydrochloride and 0.47 ml (3.4 mmol) triethylamine 
in 20 ml dichloromethane at 0 "C was added dropwise 0.2 mi (2.4 mmd) acryloyi chloride and stirring conthued for 24 
h at room temperature. The reacbon mixture was then washed sequentidiy with water, 1 M hydrochloric acid and once 
more with water, and the aqueous phases back-extracted with dichloromethane. The combined organic extracts were 
dried over sodium sulphate and concentrated in vacuo to aflbrd 420 mg (100%) of the title conrpound (R)-1-acryloyl- 
pyrrolidine-2-carbcixylic acid benzyl ester as a colourless oil. 

MS nVe (%): 259 (M+, 25), 124 (100), 91 (25), 70 (21). 

ti) (RV1-r3-rr3-rfRV2-BBnzvloxyca[faonyl-pyriolidln-1-yl]-3-oxo-DropvllHyoovl-amino1-Dmpionyt]-pv^ 
lie acid benzyl ester 

[0074] A solution ol 400 mg (1.5 mmol) (R)-1-acryloyl-pyrrDlidine-2-carbOxylic acid benzyl ester and 63 ml (0.75 
mmol) propylamine in 5 ml acetonitrile was stirred for 16 h at room temperature, then for 5 h at 45 ^C, and finally for 16 
h at 80 °C. Concentration in vacuo and flash chromatography (20% H2O in acetone) afforded 84 mg (19%) of the title 
compound (R)-1-[3-I[3-[(R)-2-t»nzyloKycartx)nyl-pyrrolUln-1-yQ-3-oxD-propyl]-propyl-amino]-propionyl]-pyffalidine^^ 
carboxylic acid benzyl ester as a pale yellow oil. 

IWS m/a (%): 578 (M+H^, 100). 

c^ fRM-l3-IT3-Tf ffi-2-Carboxv<wrmlidln-1 -vn-3-oxD-propvl]-propyi-amino]-proponyi hpyrrolidhe^-carboxylic acid 

[0075] A solution of 84 mg (0.15 mmol) (R)-1-[3-[[3-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-3-oxo-propyl]-propy[- 
amlna]-propianyl]-pyrrolidine-2-carboxylic acid benzyl ester in 3 ml ethanol was stirred with 10 mg 10% Palladium on 
carbon under 1 atm of hydrogen for 16 h at room temperature. After filtratian to remove the catalyst, concentration in 
vacuo afforded 58 mg (100%) of the tifle compound (R)-1-E3-Q3-E(FI)-2-carbaxy-pynBlidin-1-yl]-3-oxo-prGpylhpropyl- 
amlno]-proF:Nonyl]-pynx)lidine-2-caiboxylic acid as a white sdid. 

MS m/e (%): 398 (M+H*, 100): 

Example 17 

f Rl-1 -[r3-[2-rf RV2-Cart)oxv-pyn-olidin-1 -yl]-2-oxo-ethoxy]-ureido]-pyrroildine-2-caifaoxilic add 
a^ fRM-tert-Butexvcaifaonvlamhoacetvl-avrrolldine-2-carfaoxvlic add benzyl ester 

[0076] 1.21 g (5 mmol) D-proline-benzylester hydroclnloride were dissolved in 100 ml dichloromethane and strirred 
with 0.7 ml triethylamime. The mixture was extracted with water, dried with sodiumsuifaite and evapomted. The residue 
was dissolved in a mixture of 100 mt tetrahydrofuran and 50 ml chlarofomn. 1 .03 g (5 mmd) N,N'-dicyclahexyfcarbodi- 
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imide and 0.88 g (5 mmol) BOC-glycin were added and stirring was continued for IB hours at room temperature. Five 
drops acetic acid were added and after 1 0 minutes at roomtemperature the mixture was filtered and the solvents were 
distilled off. The residue was taken up in aceteacetate, washed with aqueous citric acid, with aqueous sodiumbicarbo- 
nate and water, dried with sodiumsulfate and the solvent was distilled off. Chromatogiaphy over sliic^el with dichlo- 
5 romethane/methano! 99/1 yielded 1.43g (79%) (R)-1-tert-biJta(ycattx3nylaminoacetyl-pynDlidine-2-carb03{ylic acid 
benzyl ester as colorless oil. 

MS nVe (%): 363 (M+H+, 1). 306 (29), 288 (10). 114 (44). 91(76). 70 (100). 57 (64). 

10 b) fRV1-ff3-l2-rf m-2-Benzvloxv(arbonvl-Pffroiidirb1-vl]-2-aico-6thoicv] -ireido]-pyrK^ acid benzyl 

ester 

[0077] 8.6 ml trifliJoric acid were added drcpwise at CC to a solution of 1 .57 g (4.34 mmol) (R)-1 -tert-butoxycarba- 
nyfaminoacetyf-pyrrDl[dlne-2-ca[tx»yllc acid benzyl eSer in 8.6 mi dIchloromeBiane and stin-ing was confinued fw half 

J5 an hour at room temperature. The solution washed with aqueous sodiumbicarbonate, dried with sodiumsulfate and 
evaporated. The residue was dissolved in 200 ml dichloromethane and stirred with 0,21 g (0.7 mmol) triphosgene and 
1.8 ml (13mmol)triethylamine forfour hours atroom temperature. The mixture was extracted with IN hydrochloric add, 
dried with sodiumsulfate and evaporated. The remaining 1.15 g residue were chromatographed over silicagel witti 
dichloromethane/methanol 96/4 and the fractions containing product were chromatographed again over silicagel with 

20 dichloromBthane/acetone/fbrmIc acid 80/15S to yield 0.23 g (33%) (R)-1-[[3-[2-[(R)-2-benzylaxycarbonyl-pyrTolidin-1- 
yl]-2-c»o-e1haxy]-ureido]-pyrrolidine-2-carbCKylic acid bsnzy) ester as an oil. 

MS-lSP: 551 (M+H)+. 

ss c) fR)-1-[[3-f2-[fF^V2-Carfaoxy-pvrrolidin-l-vll-2-oxo-ethoxv]-ur6ido1-pvrrolidine-2-carfaoidlic acid 

[0078] 0.14 g (056 mmol) (R)-1-[[3-[2-|(R)-2-benzyloKycarborvl-pyiTOlidin-l-yl]-2-axo-e1hoxy]Hjreido]-pyrrolidine-2- 
carboxylic acid benzyl ester in 60 ml ethanol were hyd^enated in the presence of 40 mg 5% Pd on carbon. Filtration, 
evaporation of fie solvent and crystallization from methanol/ethylaoetde yielded 0.07 g ( 52%) as white crystals with 
30 melting point 157-160''C. 

Example 18 

fRVl-riO-rfm-2-Caitioxypyriolidin-1 -vl]-10-oxo-decanovll-avrrolidine-2-cartaoxvlic acid Ca salt (1:1) 

35 

[0079] A mixture of 1.20 g (5 mmd) sebacoyi chloride. 1.15 g (10 mmol) D-prolne and 1.4 ml (10 mmol) triethylamine 
in 100 ml dimethyHdrmamide was slin-ed over the weekend at ambierA temperature. The solvent was distilled off under 

vakuum. The residue was taken up with 40 ml aqueous dtric caid acid and extracted with ethylacetate. Evaporation of 
the solvent and chromatography over silicagel with chlorcform/aceton/foi'mic acid 80^1 5 yielded 1 .21 g (R)-i -[i 0-[(R)- 
40 2-carboxy-pyrrolidin-1-yl]-10-oxo-dBcanoyll-pyrrDlidine'2-carboxylic add as an oil. 

MS-ISP: 397 (M+H)+. 

[00801 0-89 g (2.24 mmol) of this oil were dissolved in 50 mi ethanol and stirred with 0.175 g (2.24 mmol) cal- 
4S cium/hydroxide fbr 48 hours. The suspesion was filtered. The soSd residue was taken up in 15 ml water, warmed to 80 
°C. filtrated when hot and evaporated. The residue was su^ended in ether, filtered and washed with ether to yield 0.5 
g (R)-1-[10-[(R)-2-carbaxy-pyrrolidin-l-yl]-10-oxo-decanayl]-pyrrolidine-2-caibaxylIc acid Ca salt (1:1) as a white solid. 



BO 



C (theory) 55.28 


H (theory) 6.96 


N (theory) 6.45 


C 0bund) 55.29 


H (found) 7.11 


N (found) 6.08 



ss 
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iaajnBie.19 

(R)-H8-[fR)-2-Cart)oxvi>yrolldln-1-vn-8<axo-octanQvl1-ptfrrolidine-2-carboicvlic acid Ga salt (1 :1) 

5 [0081] A mixture of 1 .10 g (5 mmol) suberoyl chloride. 1.15 g (10 mmol) D-proline and 1 .5 ml (10 mmol) triethylamine 
in 1 00 ml dimethyliomramide was stirred over 20 hours at ambient temperature. Ttie solvent was distill sd off under vak- 
uum. The residue was taten up with 40 ml aqueous dtric caid acid and extracted with ethylacetate. Evaporatnn of the 
solvent and chromatography over siiicagel with chloroform/^ceton/fbrmlc add 80/5/15 yielded 0.8 g (R)-1 -[8-[(R)-2-car- 
boxy-pyrrolldin-1-yl)-8-oxo-octaroyl]-pyrTolidlne-2-carboxylic acid as an oil. 

10 [0082] MS-ISN:367(M-H)-.0.79g(a.15 mmol) of this oil were dissolved in 40 ml ethanol and stirred with C.167g (2.15 
mmol) calclumhydroxide for 20 hours. The suspension was filtered and the sok'd residue was almost dissolved in 25 ml 
water. The solution was filtrated and evaporated to yield 0.5 g (R)-1-[8-I(R)-2-carbaxy-|gyrrolidin-1-yl)-8-oxo-octanoyl]- 
pyiTolidine-2-carbaxylic and Ca salt (1 :1) as a white solid. 

75 Example 20 

fRV1-r4'-ffR)-2-Cartxaitv-Dvrroiidin-1^>l-carbonvl)-|2.21^hiazolvl-4-vnDvn-olidine-2-earboxilic add 

a1 fm■1■J4^-^fRV2-Carl30xvDv^^li din-^vl-carbonvn42■21-^lithiazdvl-4-v^pvrrdidine■^-cartxlx^ add benzyl ester 

so 

[0083] Thionylchloride (2 ml ) was added to a sdution of 0.26 g(1 mmol) [2,21bithiazolyl-4,4'-dlcarboxyllc add in 20 
mi tetramethylurea and the mixture was stin-ed for three days at room temperature. Excess thionylchloride and the sol- 
vent were distilled off under vakuum. The residue was three times taken up In dimethylfontnamide and evaporated and 
then dissofved in 50 ml pyridine. 0.28g (1.1 mmol) D-proline-benzylester hydrochloride were added and stirring contin- 
ss ued at room temperature for 24 hours. The solvent was distilled off, the residue taken ip in acetoacetate and extracted 
with 2N HCI and brine. Drynng with sodlumcarbonate. evaporation of the solvent and chromatography on siiicagel with 
acetoacetate/hexane 1:1 yielded 0.094 g (R)-1-I4'-[(R)-2-carboxypyn-olidin-1-yl-cartjonyl]-i2,2]-bithlazolyl-4-yl]pyrrolid- 
ine-2-carbQKyalic acid benzyl ester. 

30 MS nVe(%): 630 (M*. 24), 539 (17). 495 (44), 449 (51). 380 (25). 329 (33), 313 (30). 223 (38), 194 (83). 180 (66), 
145 (24), 137 (21), 91 (100). 

b)m)-1-r4'-rfm-2-Car faaw<>vrrdidh-1-yl-carborTvl1-[2.21^aitKazolvi-4-vnrwolidinB-2-carboxiiicadd 

35 [0084] 0.51 g (0.08 mmol) (R)-i-[4-[(R)-2-ben2yloxycarbonyl-pyn-o[idin-1-yl]I2.2]-bithiazol-4-yl]pyrrolldine-a-carbOMllc 
acid benzyl ester In 50 ml methanol were stin-ed writh 5 ml 2N sodiumhydoxide solution at room tonperature for 64 
hours. After addition of 2N hydrochloric add until pH 1 the nixture was extracted with dichlcromethane. The extracts 
were dried with sodiumsuH^te and evaporated. Chromatography ocer alicagel with dichloromethane/acetone/ibrmic 
acid 80/15/5 gave 0.04 g (R)-1-I4'-[(R)-2-CarbQxy-pyrTolidin-1-yl-carbonyl]-I2.2]-bithiazolyl-4-yl]pyn-olidine-2-carboxilic 

40 acid as colorless solid. 

I«S-ISP:451 (M+H)+. 
Example 21 

45 

fRV1-frfRV2-Carfaoxv-PWTOIidln-1-vl Vacetyl]-pyn-olidine-2-carbo!tvlle add 

a^ fR)-PyrrQlidine-2-cartx)xvlic acid tert-butvl ester 

BO [0085] The title compound was prepared according to a literature procedure (M. Thorsen, TP. Andersen, U. Pedersen, 
B. Yde and S.-O. Lawesson, Tetrahedron 1985, 41, 5633 ■ 5536. 

[0086] Starting from 25.0 g (217 mmol) D-proline, 27.52 g (74%) of {R)-pyrrolidne-2-carboxy1c add tert-butyl ester 
were obtained as a colorless oil. 

ss b) (R)-f1)-Bromoacetvl-pvrrolidine-2-carl3oxvlicacid tert-butvl ester 

[0087] To a solution of 64.9 g (322 mmol) Ixomoacetyl bromide in 250 ml dichlcromethane at 0°C was added dropwise 
a solution of 27.5 g (161 mmoQ (R)-pyrroltdine-2-carboxylic acid tert-butyl ester_and 30 ml (1 77 mmd] N-ethyldfisopro- 
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pylamine in 150 ml dichbromethane wtNn 40 irin. The reaction irixbjre was allowed to warm to room temperature 
overnight and was poored into 600 iri of water. The organic phase was separated and the water phase was extracted 
with 500 ml dichloromethane. The contiined organic phases were washed with saturated sodium bicarlaonate solution 
and brine, dried (magnesium sulfate) and evaporated to yield 44.1 g (94%) of the title compound as a brown oil that 
crystallized upon standing at room temperature. Malting point 51 .5-S3.20C. 

c) fR)-1-rf(R)-2-tert-Biitowcarbonyl-pyrrolidln-1-vtl-acetvl1-tJVtTolidine-2-cart)oxvllc acid tert-butyl ester 

[0088] To a solution of 34.3 g (200 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 350 ml 
dichloromethane at O^Cwere added dropwise 27.9 ml (200 mmol) triethylamine. After stirring for 45 min at this temper- 
ature, 17.8 g (200 mmol) bromoacetyl bromide wa-e added dropwise. Stirring was continued at 0°C lor 3 h and 250 mi 
1 N hydrochloric acid solution were added. The organic phase was separated and was washed with saturated sodium 
bicarbonate sdution and brine, dried (magnesium sulfate) and evaporated to yield 45 g of a brown oil. Trituration vnth 
ethyl acetate and coaling to -TS'C gave 7.1 g (9%) of a pale yellow solid. 

Melting point 75.0-76.0°C. MS m/e (%): 405 (M+Na+, 11), 383 (M+H-^, 100). 

d) fR)-1-rrfR^-2-Carboxv-pvrrolidin-1-vfl-acetvf] - pyrrolidine-2-carfaoxvlic acid 

[0089] Asolution of 382 mg (1.0 mmol) (R)-1-[[(R)-2^ert-butoxycarbonyl-pyn^lidin-1-yl]-acetyI]-pyrrolidine-2-carbox- 
ylic acid tert-butyl ester ri 4 ml triflucroacetic add was stirred for 3 h at room temperature. The solvent was removed In 
vacuo and the residue suspended In 10 ml ether. Ttie resulting suspension was stirred overnight FIHration and drying 
gave 300 mg (quantitative) of RO-64-2799/D00 as a pale yellow amorphous and hygroscopic solid which still contains 
trace amounts of trifluoroaceGc acid. 

MS nVe (%): 269 (M-H", 4.5). 1 13 (CFgCOgMOO). 

ExaiTT>le22 

fRV1-fr4-[g-ffRV2-CaiboKV-Dvrrolidin-1-vl]-2-oxo-ethoxy]-phenoxv1-acetYl]-pvrrnlidine-2-carboyvlic acid 

a) (R)-1 •[[4-[2-[(R)-2-t6rt-Butoxvcarbonvl-Dvn-olidin-1 -vl]-2-oxo-ethoxy]-phenoxvl-acetyn-avrrolidine-2-carboxviic acid 
tert-butvl ester 

[0090] To a solution of 236 mg (2.1 mmol) potassium tert-bulylate in 2 ml dimelhylfbrmamide at room tenperature 
was added dropwise a solution of 110 mg (1 .0 nmol) hydroquinone in 2 ml dimethylformamide. Stin-ing was continued 
for 2-3 min and asolution of 584 mg (2.0 mmoQ (R)-(1)-bromoacetyl-pyrrdidine-2-carboxylic acid tert-butyl ester in 4 ml 
dimethylformamide was added within 1-2 min. The reaction nixture was stirred for additional 3 h at room temperature. 
The solvent was removed in vacuo end the residue purified by flash-chromatography to yield 330 mg (71%) of the title 
conpound as a colorless oil. 

MS m/e (%): 550 (M+NH4*. 100), 477 (23). 421 (65). 

b) fRV1-ir4-f2-rfR>-2-C^rbo)cy-pynrolidn-1-vl1-2-oxo-Btha)tvl-phenoxv1-acetvl1-ovrrolidine-2-carboxvllc add 

[0091] A solution of 350 mg (0.66 mmol) (R)-1 -[[4-[2-[(R)-2-tert-butoxycarbonyl-pyn^idin-1 -yl]-2-oxo-ethoxy]-phe- 
noxy]-acetyl]-pyrrolidine-2-carboxy!ic acid tert-butyl ester in 4 ml trif luoroacetic acid was stirred for 3 h at room temper- 
ature. The solvent was removed in vacuo and the residue suspended ri 10 ml ether. The resulting suspension was 
stin-ed overnight. FiHiation and dr)vig gave 265 mg (96%) of the title conpound as a white powder. 

MS nVe (%): 443 (M+Na*. 48). 438 (M+NH4*. 39), 421 (M+hT*. 100). 
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Example 23 

m^1-rr4-r2-f(m-2<:aTt)oxv-PVTOlidin-1-vn-2-oxo-e thoxv)-2.3.5.6-telrafluoro-phBnoxv1-acBWns^ 

acid 

a) (RV1-[t4-[24^RV2-te rt-Butoxvcart>onvl-Dvrroliefin-1-vl)-2-ooco-elhoii{yl-2.3.5.6-tetrafl^ 
2-cartx»cvlic acid tert-butvl ester 

[0092] To a solution of 185 mg (1 .65 mmol) potassium tert-butylate in 1 ml dimefhylformamide at room temperature 
was added dropwise a solution of 137 mg (0.75 mmol) telrafluorofiydroquinone in 1 ml dimefhylformamide. Stirring was 
continued for 2-3 min and a solution of 438 mg (1 .50 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid fert-butyl 
ester in 2 ml dimetfiylfarmamide was added wrtfsn 1-2 mln. The reaction mixture was stirred for addifional 4 h at room 
temperature. The solvent was removed in vacuo and tfie residue purified by f lash-chromatography to yield 87 mg (1 9%) 
of tfie title compound as a white foam. 

MS m/e (%): 622 (M+NH4+, 100). 549 (32). 493 (57). 

b) fR)-1-[r4-r24(RV2-CarbQxy-pyrrolidin-1-vll-2-oxo-ethoxvT-2.3.5.6-tetfafluoro-phenoxv]-acelyl]-pwrolidine-2-cartx))w 
lie acid 

[0093] A solution of 80 mg (0.13 mmol) (R)-1 -[[4-[2-[(R)-2-tert-buloxytarbonyl-pyrrolidin-1-yl]-2-oxo-etho)(y]-2,3.5.6- 
tetrafluoro-phenOKy]-acetyl]-pyrro]idine-2-cartx)xylic add tert-butyl BEter in 1 .5 ml trifiuoroacetic add was stirred for 4 h 
at room temperature. The solvent was removed in vacuo and the residue suspended In 10 ml ether. The resulting sus- 
pension was stirred overnight. I^aiion and drying gave 64 mg (96%) of the tItiB compound as a white powder. 

MS nVe (%): 431 (M-hf , 100). 

Example 24 

mV1■^^4-r2-rfm-2-Carbaw^3vr^olidin-1^ v^-2-oxo-BthoxvV2-chloro-Dhenoxvl-acetvn-Dvrrolidine■2-carboxYlta 

fRM-rr4-[2-ffR1-2-tBrt-Butaxvcarbo nvl-Dvrrolldin-l-vl)-g-oxo-6thoxv1-2-chloro-Dhenoxv1-acetvn-Dvrrolidine-2-ca[tiox- 
vlic add tert -butvl ester 

[0094] To a solution of 185 mg (1.65 mmol) potassium tert-butylate in 1 ml dimettiylformamide at room temperature 
was added dropwise a solution of 108 mg (0.75 mmol) chlorohydroquinone in 1 ml dimethylibrmamide. Stirring was 
continued for 2-3 min and a solution of 438 mg (1 .50 mmol) (R)-(1)-bromoacetyI-pyrrolldine-2-carfaoxylic add tert-butyl 
ester in 2 ml dmethyWormamide was added within 1 -2 min. The reaction mixture was stined for additional 4 h at room 
temperature. The solvent was removed in vacuo and the readue purified by flash-chromatography to ^eld 149 mg 
(35%) of tfie title compound as a white foam. 

MS m/e (%): 584 (M-iNhi,-^, 1 00), 51 1 (48), 455 (96). 

bUR>-1-IT4-l2-rfm-2-Carbo xv-ovtrolidln-1-vlT-2-OKo^haxv1-2-cNoro-pherioxv>acetYll-C)vnrd acid 

[0095] A solution of 140 mg (0.25 mmol) (R)-1-[[4-[2-[(R)-2-tert-butoxycarbonyl-pym3lidin-1-yl]-2-oxo-ethoxy]-2- 
chloro-phenoxy]-acetyl]-pyrrolidine-2-catt3oxylic acid tert-lxjtyl ester in 1 .5 ml trifluoroacetic acid vras stirred for 4 h at 
room temperature. The solvent was removed in vacuo and the residue suspended In 1 0 ml ether. The resulting suspen- 
sion was stirred overnight. FLtration and drying gave 126 mg (quantitative) of tfie title compound as a white powder. 

MS m/e t%): 453 (M-hf, 100). 
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Example 25 

fm-1-^r4-^2-^fR^2-Caffa<»cy■pyrrolldin^1■y^■2-oxc>ethoKV^2^metha)tv-phenoxvl-acB^^ acid 

(RV1-[[4-[2-[(RV-2^eil-Buta)tvca[bonylia)m'ollclin-1-vn-gK»m-etho^^ 
boxvlic acid tert-bulvl ester 

[0096] To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml dimethylfbrmamide at room temperature 
was added dropwise a solution of 140 mg (1.0 mmol) metiioxyliydroquinone in 2 ml dimethyHormamide. Stirring was 
continued for 2-3 min and a solution of 584 mg (2.0 rmnol) (R)-(1)-bromoacetyl-pyrrolidine-2-cartK)xylic acid lert-fcHityi 
ester in 4 ml dimelhylformarride was added within 1-2 rnin. The reaction mixture was stirred tor additional 3 h at room 
temperature. The solvent was removed in vacuo and the residue purified by flash-chromatogr^y to yield 280 mg 
(50%) of the title compound as a colorless oil. 

MS m/e (%): 580 (Mh-NH4*', 100), 563 (Wh-H*, 75), 507 (62). 451 (67). 

ti\ fRV1-p -r2-Fm)-2-Carboxv-pyirolldln-1-yll-2-oxo-Bthaw1-2-methaxv-phenaxv1-acetvn-Dvrrdldi 

[0097] A solution of 250 mg (0.44 mmol) (R)-1 -II4-[2-[(R)-2-terf-butoxycarbonyl-pyrrolie{n-1 -yl]-2-axo-ethoxyI-2-meth- 
oxy-phenoxy]-acetyq-pyrrolidine-2-caiba)qiic acid tert-butyl ester In 4 rrt trif luoroacetic acid was stirred for 3 h a1 room 
terrperature. The advent was removed in vaojo and ttie residue suspended in 10 ml ether. The resulting suspension 
was stirred overnight. Filtration and drying gave 188 mg (94%) of the title corrpouid as a white powder. 

MS m/e (%): 473 (M-hNa+, 45?. 468 (M-hNH4+, 24). 451 (M-hH+. 100). 

Example 26 

Mixture of (R)-1-ff4-hvdroxy-3- and -2-methoxyphanm n/1nHCfi!hrf)-p¥rrolidlne-2-earbaicvlic add 

a^ Mixture of f RM-ff4-hvdroxv-3- and -2-methoxv-pheno]tvVacBtvn-pvrrolidine-2-cariboxvlic acid tert-butyl ester 

[0098] The title compounds were formed as side products during the preparation of (R) -1 -[I4-[2-[(R)-2-tert-butoxyGar- 
bonyl-pyrrolidin-1-yll-2-oxo-ethox^-2-methQxy-phenoxyl-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester. Isolation 
and purtficatbn by f iash-chromatography gave 80 mg (23%) of RO-64-291 5/000 as a colorless oil. 

^H-NMR (CDCI3). ppm): 1 .41 (s. 2.4H), 1.45 (s, 6.6H). 1.81 -2.32 (m, 4H). 3.55-3.82 (m. 2H). 3.75 (s,3H). 4.39-4.78 
(m, 3H), 6.16-6.26 (m, 1H) 6.40-6.43 (m, 1H). 6.67-6.74(m, 1H). 

ti) Mixture of (R)-1-((4-hvdroxv-3- and -2-methoxv-phenoxvl-acetvl]-pvrrolidine-2-carboxvlic acid 

[0099] To a solution of 80 mg (023 mmol) mixture of (R)-1 -[(4-hydrQxy-3- and - 2-methoxyiJhenoxy)-acetyl]-pyrrolid- 
ine-2-cait)oxylic acid tert-butyl ester in 1 ml dichioromethane were added 5 ml of a 4 N solution of hydrochloric acid in 
dioxane. After 24 h. the solvent was removed in vacuo and the residue suspended in 1 0 ml ether. The resulting suspen- 
sion was stin^ overnight. Filtration and drying gave 65 mg (97%) of the title compound as a white powder. 

MS m/e (%): 296 (M+H*. 100). 

Example 27 

mV1-[t3-f2-tfRV2-Carbox v-Dvrrolidh-1-vri-2-oxo-BthQxv1-ohenoxv1-acetvn-Dvrrolid[nB-2-carbQxvlica(:id 

a) fRVI -rr3-r2-rm>-2-tert-ButOKvearbonyl-pyn-olidin-1 -yl l-2-axo-6lhaxv]-phenoxv1^cetvq-pvrrolidine-2-caifaoxvlie acid 

tert-butvl ester 

[0100] To a solution of 561 mg (5.0 mmol) potassium tert-butylate in 4 ml dimethylformamide at room temperature 
was added dropwise a solution of 275 mg (2.5 mmol) resordnol in 4 ml dimethylformamide. Stirring was continued for 
2-3 min and a soiuiion of 1.46 mg (5.0 mmoJ) (R)-(1)-bromoacetyi-p!yrrolidine-2-caibQxylic add tert-butyl ester in 5 mi 
dimethyHormamide was added withki 1-2 min. The reaction mixture was stirred for additional 3 h at room temperature. 



32 



EP0 915 088A1 

The soh/errt wi^ removed in vacuo and the residue purified by flash-chromatography to yield 830 mg (62%) of tfie title 
compound as a coioriess oil. 

MS m/e (%):550 (M+NH4+, 100), 533 (M+H*, 95), 477 (48), 421 (95). 

b) (R)-1 ■IT3-r2-r(m-g-Cartx3xv-pvrrolidin-1 -vl1-2-oa{o-ethoxv1-phenoxv1-acgtvl1-pyrTolidine-2-catboxvlic add 

[0101] A solution of 750 mg (1.41 mmof) (R)-1-[I3-[2-[(R)-2-tert-BiJtoxycaiboriyl-pyrrolidin-1-yl]-2-oJ<D-ethoxy]-phe- 
nQxyl-acetyl]-pyfrolidlne-2-cart)axylic acid tert-butyl ester in 5 ml trif luoroacetic acid was stirred for 3 h at room tenper- 
alure. The solvent was removed in vacuo and the residue suspended in 15 ml ether. The resulting suspension was 
stirred overnight. Filtration and drying gave 581 mg (98%) oi the title compound as a white powder. 

MS m/e (%): 443 (M+Na*. 32), 438 (M+NH4+, 20), 421 (M+H*. 100). 

Example 28 

f m-1 -If 3-Hvdra!(v-Dhenaxy)-acetyn-pyrrolldinB-2-cari30xvlic acid 

a1 fm-1-rf3-Hvdro)cv-Phenc« vVacBtvl1-pvn-olidine-2-cattx»cvlic add tert-hiitvl asler 

[0102] The title compound was formed as side product during the preparation of (R)-1-p-|2-[(R)-2-ten-butaitycariM- 
nylwrrolit4"n-1-yl]-2-oxo-ethoxy]ijhenQ)cy]-acetyl]-pyn-olidine-2KHibQxylic acid tert-butyf ester. Isolation and purifica- 
tion by flash-chromatography gave 120 mg (37%) of RO-64-2802A)00 as a colorless oil. 

MS m/e (%): 344 (M+Na+, 9), 322 (M+H+, 73), 266 (100). 

b) fRl-1-r(3-Hvd[oxv-DhenaxvVacetvl1-pvrrolldine-2-cart)Dxvlic acid 

[01031 To a solution of 120 mg (0.37 mmoO )_(R)-1-[(3-hydroxy^phenoxy)-acetyl]-pyrrolidine-2-carbaxylic acid terl- 
butyt ester in 1 ml dichloromeithane were a±led 5 nil of a 4 N solution of hydrochloric acid in dioxana After 3 d, the sol- 
vent was removed in vacuo and the residue suspended in 10 ml ether. The resulting suspension was stirred overnight. 
Filtration and drying gave 95 mg (97%) of the title compound as a white powdiBr. 

MS m/e (%): 264 (M-H", 100). 

Example 29 

fR^1-fl3-[2-[fRV2-CarboxvH3vn^lidin-1-v n-2-oxo-ethQxvl-2-methvl-Dhenoxv1-acBtvl1-pvrro[idine- 

a) f RV1 ■rr3-r2-r(RV2-tert-Butoxvcarbonvl-ovrroiidln-1 ^fl )-a-oaeo-ethoxv 1 -2-mBthyl-ph9nQXv1-acetvn-pvrrolidlne-2-carfamc- 
vlic acid tert-butyl ester 

[01(J4J To a solution of 236 mg (2.1 mmol) potassium tert-butylafe h 2 mi dimethylformamide at room temperature 
was added dropwiss a solution of 1 24 mg (1 .0 mmol) 2,6-dihydroxytoluene in 2 ml dimethylformamide. Stirring was con- 
tinued for 2-3 min and a solution of 584 mg (2.0 mmoQ (R)-(1)-bromoacetyl-pyniolic&ne-2-carboxylic acid tert-butyl ester 
in 4 ml dimettTyHbrmatride was added within 1 -2 min. The reaction mixture was stirred for additional 3 h at room tem- 
perature. The solvent was removed in vacuo and the residue purified by flash-chromatography to ^eld 335 mg (61%) 
of the title compound as a cotorless oil. 

MS m/e (%): 564 (M+NH4+, 100), 4S1 (27), 435 (71). 

b) ■rr3-r2-rf RV2-Cart»xv-pyffolidin-1-yll-2-ox o-ethQxv1-2-methvlf>henaxy1-acetvn-pvrrdidTne-g-ca|t^ add 

[01051 A solution of 300 mg (0.55 mmoQ {R)-1-[I3-[2-[(R)-2-tertiutOKycart)onyl-pyrrQlidin-1-yl]-2-axo-ethGKy]-2- 
melhyl-phenoxy]-acelyl]-pynBlidine-2-caibaxylic add tert-butyl ester in 4 ml trifluoroacetfc add was stirred for 3 h at 

room temperature. The solvent was removed in vacuo and th e residue suspended In 1 0 ml ether. The resulting suspen- 
sion was stirred overnight. Filtration and drying gave 226 mg (95%) of the title compound as a white powder. 
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MS m/B (%): 457 (M+Na*, 54), 452 (M+NH4+. 55). 435 (M+H*. 100). 
Example 30 

fm-1-ri3-r2-rfm-2-Caiboxv-Dvn-olidh-1-vlT-2-a)(o-elhoxv1-Sme1haxv-Dhenoxy]-ac^ acid 

(l^-1-fr3-rg-rfm-2-1ert-Buta)wcarbonvl-^vn-didin-1-yl1-2-a)[o-ethowl-5-methoxvH3heno^ 
boxvlic acid tert-butyl ester 

[0106] To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml dimethylformamide at room temperature 
was added dropwise a solution of 1 40 mg (1 .0 mmol) 5-methoxyresorcinol in 2 ml dimethyifarmamida Stirring was con- 
tinued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboKylic acid tert-butyl ester 
in 4 ml dimethylformamide was added wittiin 1-2 min. Ttie reaction mixture was stirred for additional 3 h at room tem- 
perature. Ttie solvent was removed In vacuo and the residue purified by fiasti-ctromatography to yield 407 mg (72%) 
of ttie title compound as a colorless oil. 

MS m/e (%): 580 (M+NH4*, 98), 583 (M+H*, 100), 507 (54), 451 (95). 

b^ f m- 1-fr3-r2-rf ra-2-Carboxv-pwTolidin -1 -Yil-2-oxn-Bthoicv1-^-mBtfioxv-DhenaKv1-acel)^-pyrrolidine-2-carbaxvlic acid 

[0107] Asolution 0*370 mg(0.66 mmol) (R)-1-n3-[2-[(R)-2^ert-butQxycaibonyl-pyrroltcln-1-yl]-2-oxo-ethoxy]-5-metti- 
oxy-ptienoxy]-acetyl]'pyiTolidine-2-caiboxylic acid tert-butyl ester in 4 ml frifluoroacellc acid was stirred for 3 h at room 
temperature. Ttie solvent was removed in vacuo and ttie residue suspended in 10 ml ettier. The resulting suspension 
was stin^ overnight. RItration and drying gave 287 mg (97%) of the title compound as a white powder. 

MS m/e (%): 473 (M+Na*. 45). 468 (M+NH4*, 30), 451 (M+H+, 100). 

Example 31 

(R)-1-[[3-f2-[(R)-2-Carboocv-ovn-olidin-1-vi1-2-OKo-ethoxv1-5-methoxvcarbonvl-ahenoxv1-acetvl1-Dvrrolidine-g-carfa^ 
acid 

a) fRV1-113 -l2-rfRV2-tert-Butoxvcarbonvl-nvrrolidn-1-vll-2-o«o-ethoxvl-5-m9lhoxvcart»nyl-phenQxv1-acetWI-pvrrolld- 

ine-2-carfaoxvlic acid tert-butvl ester 

[010^ To a'<soluta'on of 595 mg (5.3 mmoQ potassium tert-butylate in 4 ml dimethylformamide at room temperature 
was added dropvirise a solution of 420 mg (2.5 mmoQ 3,5-dihydraxybenzoate in 4 ml dimethyKormamide. Stirring was 
continued for 2-3 min and a sdution of 1.46 mg (5.0 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl 
ester in 5 ml dimetiiylformamide was added within 1-2 min. The reaction mixture was stirred for additional 2 h at room 
temperature. The solvent was removed in vacuo and the residue purified by flash-chromatography to yield 1 .01 g (68%) 
of the title compound as a colorless oil. 

MS m/e (%): 608 (M+NH4*, 92), 591 (M+H*, 48), 535 (41). 479 (100). 

tii fRV1-^^3-^2-^fm-2■Carboxv-Dvr^olldin-^vl1-2-OKO-e thOKv1■5■methaxvca[faonvl-Dhenoxv1-acetv^)^pvr^olidine-2- 
vlic acid 

[0109] A solution of 710 mg (1.2 mmol) (R)-1-p-[2-[(R)-2-tert-butoxycartonyl-pyrrolidin-1-yl]-2-oxo-eIhoxy]-5-meth- 
oxycart>Qnyl-phenoxy]-acetyl]-pyrolidine-2-cartoxyIic acid tert-butyl ester in 10 ml trUluoroaceljc acid vras stirred for 3 
h at room temperature. The solvent was removed in vacuo and the residue suspended in 20 ml ether. The resulting sus- 
pension was stirred overnight. Filtration and drying gave 540 mg (94%) of the titie compound as a white powder. 

MS m/e (%): 477 (M-l-T, 100). 
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Example 32 

(R)-1-[[3-Carfaoxv-5-[2-f(R)-2-carbQxy-pyrrolidn-1-yn-2KJXo-ethoxYl-phenoxy1-aceM1-DV^ 

[0110] To 10 ml of a 0.5 N lithium hydroxide solution In methanol/water = 3:1 were added 100 mg (0.2 mmol) of (R)- 
1-[[3-[2-[(R)-2-carb□xy-Ryrrolidi^-1-yl]-2-cl^co-e^hoxy]-5-mettx3xyrarbQ^yl-phe^Qxy^K 

acid. The solution was allowed to stand at room tenperature for 24 h. The mixture was adjusted to pH 6 by dropwise 
addition of hydrochloric add solution and lyophilized to give 800 mg of a white powder. The product was isolated by 
chromatography using an ion exchange rean (Dowex). Lyophilizatian gave 20 mg (22%) of the title compound as a 
white powder. 

MS m/e (%): 487 (M+Na+. 61). 482 (M+JMH4+, 54), 465 (M+H*. 100). 
Example 33 

a) (R^1-[T 3-rg-rmV2-tart-BLrte8{ycarbonvl-twrrnliffi n-1-vn-g<iim-ethrocyl-5-q>anoi3heno^^ 
ylic add tert-butvl ester 

[0111] To a solution of 1.35 g (10 mmol) 3,5-dihydroxybenzonitrile and 5.S4 g (20 mmol) (R)-(1)-bromDacet)^-pyrro!i- 
dine-2-caffaoxylic acid tert-butyl ester in 25 ml dimethylformamlde at room temperature were added 7 g anhydrous 
potassium carbonate. After stirrhg tot additional 20 h, the potassium salts were filtered off and the solvent was removed 
in vacuo. The residue was purified by f lash-chromato^-aphy to yield 4.77 g (86%) of the title compound as a colorless 
foam. 

MS m/e (%): 575 (M+NH^*, 100), 558 (M+H+. 42), 502 (35), 446 (85). 

b) fRM-[T3-rg-rfRV2-Cartx)xv-pvrrolidin-1-vl1-2-oxo-ethoxv]-5-cvano-phenoxv1-acetvn-Pvrrolidine g-carboxvllc acid 

[01121 A solution of 280 mg (0.5 mmol) {R)-1-[I3-[2-[(R)-2-tert-butoxycarbonyl-pyrralidh-1-yl]-2-oxo-ethoxy]-5 cyano- 
phenQxy]-acetyl]-pyrrolldine-2-caiboxylic add tert-butyl ester in 5 ml trifluoioacetic acid was stirred for 18 h at room 
terrperature. The solvent was lemoved in vacuo and the residue suspended in 10 ml ether. The resulting suspension 
was stirred overnight RItration and drying gave 280 mg (72%) of the title compound as a white powder. 

MS m/e (%): 444 (M-H", 100). 

Example 34 

fR^1-rr3-r2-[(R)-2-Carbo xv-Dvrrolidin-1-vn-2-oxo-ethoxv1-S-1H-tetiazol-5-vl-Dhenoxv1-acehrt1ijyrrdidine-2-^ 
acid 

[0113] To a solution of 110 mg (0.2 rnnol) (R)-1-p-[2-[(R)-2-tert Butoxycarbonyi-pyrrolidin-1-yl]-2-axo-ethoxy]-5- 
cyano-phenoxy]-acetyl]-pyrrolidine-2-cart)oxylic acid tert-butyl ester in 10 ml 1,2-dlmethoxyethane were added 200 mg 
(0.6 mmol) tributyltin azide. The mixture was heated at retluxfor 3 days. After cooling to room temperature, 1 .4 g of g as- 
eous hydrochloric acid were bubbled into the solution to obtain a4 N hydrochloric acid solution in 1,2-dimethoxyethaue 
and stiring was continued for 12 h. The solvent was removed fir? vacuo and the oily residue was triturated with ether to 
give 61 mg (92%) of the title corrpound as a pale yellow amorphous solid. 

MS m/e (%): 511 (M+Na*. 41), 506 (M+NH4+, 32), 489 (M+H*, 100). 

Example 35 

f RV1 ■rr3-rg-rfRV2-Cart>oxv-Pvrrolidji-1 -vn-2-oxD-6thoxy]-5-hydroxy-phenoxyVac etyl]-pyrrolidinB-2-carbQxylic acid 

a\ fRV1-II342-rmvg^Brt -Butoxycaifaonvl-Pvirolidin-1-vn-2-oxo-ethoxv1-5-hvdroxv-phenoxv1-acetvilHavrrolid 
boxvlic add tert-butvl ester 

[0114] To a solution of 95 mg (0.75 mmol) phlorogludnol and 438 mg (1.5 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2- 
carboxylic acid tert-butyl ester in 2 ml dimethylfarmamide at room temperature were added 520 mg anhydrous potas- 
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sium carbonate. After stirring overnight, the potassium salts were filtered off and the solvent was removed in vacuo. The 
residue viras pirtfied by f lash-chiomatography to yield 50 mg (1 2%) oi the trUe compound as a while foam. 

MS m/e (%]: 566 (M+NH4+, 96), 549 (M+H*, 88), 493 (47), 437 (100). 
b) (R>-1-[f^3-f2-rfRi-2<;arba)w-i3vrrolldln-1-vl1-2<ixo-«thoxv1-5-hvdm)cv-DhenoCTl-acetv^ 

[0115] A solution of 46 mg (0.084 mmol) (R)-1-p-[2-[(R)-2-tert-butc«ycarbDnyl-pyrrDlidin-1-y[]-2-axo-ethoxy]-5- 
hydroxy-phenQxy}-acetyll-pyrrcdidine-2-carbaxylic add tert-birtyl ester in 1 ml triftuoroacetic acid was stin-ed for 4 h at 
room temperature. The solvent was ismoved in vacuo and the residue suspended in 5 ml ether. The resulting suspen- 
sion was stirred overnight Filtration and drying gave 35 mg (96%) of the title compound as a light brown powder. 

MS m/e (%]: 435 (M-H", 100). 

ExampJal§ 

(RV1-[p.5-Bis-Ig - f(R)-2-oarboxv-pvrrdidln-1-yll-2<»a-Btha);v]-DhBnoxv1-aoBtvnHWiTolidine-2-carb^ 

a1(R)-1-[[3.5-Bis-i24m)-2-tert-buta){vcarbonvl-Dvrrolidin-1-vl]-2-oxo-ethoxyT-phenooty1-ace^ 
acid tert-buM ester 

[0116] To a solution of 95 mg (0.75 mmol) phloroglucinol and 220 mg (0.75 mmol) (R)-(1)-bromDacetyl-pyrrolidine-2- 
carboxylic acid tert-butyl ester in 2 ml dimethylformamide at room temperature were added 520 mg anhydrous potas- 
sium carbonate. After 2 h and 6 h stirring at room tertperature, 220 mg (0.75 mmol) (R)-(1)-bromoacetyl-pyrrolidins-2- 
carboxylic acid tert-butyl ester were added (per addition) and stiring was contirued for 1 8 h. The potassium salts were 
fiitered off and the solvent was removed in vacuo. The residue was purified liy flash-chiomalogrqphy to yield 465 mg 
(82%) of the title conipound as a colorless foam. 

MS m/e (%): 777 (M+NH4+. 100). 760 (Mf H^, 4}, 704 (1 1), 648 (22), 592 (22). 

b^ fRVI -rr3.5-Bis-f2-rf RV-2-carboxv-ovrrolidin-l -vll-2-axo-ethQxv1-Dhenoxv1-acetv>)-pvrrolidine-2-carbaxvllc acid 

[0117] A solution of 350 mg (0.47 mmol) (R)-1-p,5-fais-[2-[(R)-2-tert-butoxycarbonyl-pyrrolidin-1-yl]-2-o)co-ethOKy}- 
phenoxy}-acetyfH3yrrolidne-2-caibocylic acid tert-butyl ester in 1.5 ml trHluoroacetic acid was stiired for 4 h at room 
temperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resJting suspension 
was stirred overnight Fllralion and drying gave 254 mg (92%) of the title corrtpound as a light brown powder. 

MS m/e (%): 614 (M+Na+, 73). 609 (M4WH4+, 100), 592 (M*-H\ 56). 

Example 37 

Mixture of (B- and fZl-fm-1-rr3-|g-rfffi-2-carboxy-pyffolidin-1-vll-2-o«)-ethoxv1-5-fN-hvdroxvcaifaamfm(dovn-ohenoxv1- 
acelvn-pvrrolidine-2-carfaoxvlic acid 

a) Mixture of (B- and fa-fRl-1-rr3-r2-ffR)-g-tert-butoxvcarbQnvl-pvrrolidin-1-v11-q-oxo-athoxvl-5-fN-hvdrDxvcarfaamim- 

dovl^Phenoxv]-acetyr|-pvrrolidine-2-carboxylic acid tert-bulvl ester 

[0118] Toasolution of 1.25 g (17.9 mmol) hydioxylamine hydrochloride in 6 ml dimethyl sulfoxide were added 1.82 g 
(18 mmoQ triethylamineL An insoluble material was filtered off and was washed with 5 ml tetrahydrofuran. The filtrate 
was concentrated in vacuo at 100 mbar to remove tetrahydrofuran and 2.0 g (3.59 mmol) (R)-1-[|3-I2-[(R)-2-tert-butox- 
ycarbonyl-pyrrolidin-1-yO-2-oxo-ethQxy]-5-Gyano-phenoxy]-acetylIi3yrrolidine-2-carboxyfic acid tert-butyl ester were 
added. After stirring for 20 h at 75''C, the reaction mixture was diluted with water and extracted with ethyl acetate. The 
organic solution was extracted with 1 N hydrochloric acid solution. The aqueous solution was adjusted to pH 1 0 with 1 
N sodium hydroxide solution and extracted with ethyl acetate. The organic solution was washed with water, dried 
(sodium sulfate) and evaporated to give 1 .74 g of the title compound as a colorless foam. 

MS m/e (%): 613 (M+Na*, 7), 591 (M+H+, 100), 535 (21), 479 (15). 
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M Mixture of (El- and fa-fRVUI3-r2-rfm-2K;Brt»xv-D vrrolkjin-1-vn-2-oxo-ethoxv1-5-fN-hwdr(«ycartaam 
noicyl-acatyl]-pyiTolidine-2-carbcKylic acid 

[0119] A solution of 120 mg (0.2 mmol) mixture of (E)- and (Z)-(R)-1-p-[2-[(R)-2-tert-butoxycart)onyl-pyrrolidln-1-yl]- 
2-oxo-etho)cy]-5-(N-hydroxycarfaamimidoyl)-pfienoxy]-acetyOi3yrrolidine-2-carbQxyIic add tert-butyl esterjn 1.5 mltrif- 
luoroacetic acid was stirred for 4 h at room temperature. The solvent was removed in vacuo and the residue suspended 
in 1 0 ml etfier. The resulting suspeneion was stin-ed overnight. RItration and drying gave 96 mg (quantitative) of the title 
compound as a light brown powder. 

MS m/e (%): 501 (M+Na+. 31). 479 (M+H*, 100). 

Example 38 

m^1-^^3^2-rm\-2-Car^xI)cv-DVl^olidln-1-vn■2^^xo-ethoxv1-5-f5-oxD-4■5<l ihvdro-f1■2■4]oxadiazol^-yl^ 
pyrrolidlne-2-cartx»cvlic acid 

a) (R)-1-H3-r2-f(ro-2-tert-Butoxycarbonvl-pyrdidin-1-vl)-2-oxo-ethoxv]-5-(5-oxQ-4.5-dihydrQ-|1.2.4]oxadiazol-3-yl)- 
Dhanaxvl-acBtvll-ovrrolidina-2-cartioxvlic acid tari-butvl ester 

[0120] To an ice-cooled solution of 300 mg (0.51 mmol) mixture of (E)- and (Z)-(R)-1-[[3-[2-[(R)-2-tert-bu1oxycarbonyl- 
pyrrolidin-1-yl]-2-oxo-ethoxy]-5-(N-hydroxycarbarmlmidQyl)-phenoxy]-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl 
ester and 43 mg (0.S5 mmol) pyridine in 2 ml dimeth^formamide were added dnipmse 200 mg (0.51 mmol) 2-ethyl- 
hexyl chloroformate. The ruxture was stirred at 0°C fbrSO min, diluted with water and extracted with ethyl acetate. The 
organic phase was dried (sodium sulfate) evaporated and the oily residue was dissolved in 20 ml toluene After 16 h 
stirring st room temperature, the toluene solution was washed with brine, dried (sodium sulfate) and filtered over silica 
gel to give 280 mg (89%) of the title compound as a viscous oil. 

MS m/e (%): 639 (M+Na*. 51). 634 (M+NH4-^, 100), 617 (M+H*, 14), 561 (40), 505 (79). 

b) (ro-1-n3-r2-ff m-2-CarboxyH3yrrolidin-1-vl]-2-oxo-efhoxy]-5-(5-oxo-4.5-dihydro-f1 .2.4]oxadiazol-3-yl)-phenoxyl - 
acetyn-pvnrolidlne-2-carbp){ylic add 

[0121] A soluticxi of 220 mg (0.36 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-pyrrolidin-1-yl]-2-oxo-6thoxy]-5-(5- 
oxo-4,5-dihydro-[1,2,4]oxadiazol-3-yl)-phenoxy]-acetyl|-pyrrolidine-2-carboxylic acid tert-butyl ester in 1.5 ml trlfluoro- 
acetic acid was stirred for 4 h at room temperature. The solvent was removed in vacuo and the residue suspended in 
1 0 ml ether. The resulting suspension was stirred overnighL Filtration and drying gave 135 mg (74%) of the title com- 
pound as a light brown powder. 

MS m/e (%): 527 (M+Na+. 73). 522 ([y/l+NH4+. 75), 505 (M+H+. 100). 

Example 39 

fRV1-rf3-l2-[fR)-2-Carbonxv-pvfrolidin-1-yl]-2-oxo-ethoxy1-5-f2-oxo-2.3-dihydro-[1.2.3.5]oxathiadlazol-4-vn-Dhenoxv1- 
acetvr|-pYrrolidine-2-carba!evrtc add fconfio. S-oxide R:S=1 :H 

a) (R)-1 -p-r2-rf q)-2-terf-ButoKyearbonyl- pyn-olidin-1 -yl|-2-oxo-Bthaxy]-5-(2-oxo-2.3-dihydro-[1 .2.3.51oKathiadiazol-4- 
yn-phanoKy]-acBtyll-pvrrolidine-g-cattaaxvliG acid tert-bulvl ester fconfio. of S-oxide R:S=1 :1) 

[0122] To an ice-cooled solution of 300 mg (0.51 mmol) mixture of (E)- and (Z)-(R)-1-[[3-[2-[(R)-2-tert-butoxycart)onyl- 
pyrrolidin-1-yl)-2-oxo-ethoxy]-5-(N-hydroxycarbamimidoyl)-phenoxy]-acetyl]-pyrrolidine-2-carb«xylic add tert-butyl 
ester_and 80 mg (1 mmol) pyridine in 2 ml dichloromethane were added dropwise 60 mg (0.51 mmol) thionyl chloride 
(dissolved in 0.3 ml dichloromeSiane). The mixture was stirred at O'C for 45 min, diluted with dichloromethane, washed 
with water, dried (sodium sulfate) and evaporated. Flash-chromatogr^tiy gave 190 mg (59%) of the title compound as 
a semi-solid liquid. 

MS m/e (%): 659 (M+Na*. 14). 654 (M+NH4+, 100). 637 (M+H*. 11). 581 (14), 525 (74). 
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b) fR>1-p-[2-[(RV2-Carbonxv-pvrrolidin-1-v[)-2<ixo-ethoxy]-5-f2K)xo-2.3<lirwdro-ri.2.3.5lQxathiadiazo 
noxy]-acetyl]-pyrrolidine-2-carbo)(ylic acid (config. of S-oxide R:S=1 A) 

[0123] A solution of 165 mg {0.26 mmol) (R)-1-E3-[2-[(R)-2-tert-buloxycarbonyl-pyrrolidin-1-yl]-2-oxo-ethoxy]-5-(2- 
oxo-2,3<HTydro-[1,2,3,goxathiadiazd-4-yl)-phenQxy]-aceityG-pyrroIidhe-2-carboxylic add tert-birtyl ester (config. of S- 
oxide R:Sa1:1) 

in 1 .5 nnl trifluoroacetic acid was stirred for 4 h at room temperature. The solvent was removed h vacuo and the residue 
suspended in 10 ml ether. The resulting su^endon was etinred ovemigtiL Fittraticn and drying gave 115 mg (85%) dl 
the fitle compound as a lighit brown powder. 

MS m/e (%): 547 (M+Na*. 65), 542 (M+NH4*. 86), 525 (H/l+H*, 100). 

Exanple 40 

fRV14[3-f2-ffRV2-Carbcixv-DvrroDdin-1-vl1-2<»o-ethoxvl-5-f5-tert-butvlBullOTvl-ri.2.41oxadiazol-3-v^^ 

pyrrolldine-2-carboxylic acid 

b) f RV1 ■[r3-[2-rf RV2-tert-Buto)cvcarbonvl-Dvrrolldin-1 -vl1-2-oxo-ethoKv1-5-<5-thloxo-4.5-dihvdro-[1 ■2.4]oxadiazol-3-yl)- 
Dheno){v1-aoetvn-[MTolidine-2-ca[faa)cvlic add tert-butvl ester 

[0124] Annxtureof515mg(0.87mmoQnixtireof (E)-and(23-(R)-1-[[3-[2-[(R)-2-tert4)UtGKycarbanyli3^lidin-1-yQ 
2-oxo-etho)cy]-5-(N-hydroKycarbamlmidpyl)-phencKy}-acet^-pyrroildine-2-carb(»cyllc acid tert-but^ ester, 177 mg (0.94 
mmol) 1,1'-thiocarbonyldiimidazde and 530 mg (3.5 mmol) 1,8-diazabicydo[5.4.0]undec-7-ene in 10 ml acetonitrile 
was stirred at room temperature for 4 h. The mixture was concentrated in in vacuo, diluted with water, adjusted to pH 
4-5 with 1 N hydrochloric acid solution and extracted with ethyl acetate. Ttie extract was concentrated again, the residue 
was dissolved in 100 ml 1 N sodium hydroxide solution and washed with ether. The aqueous solution was adjusted to 
pH 4 with 1 N hydrochloric acid solution and was extracted with ethyl acetate. The organic phase was washed witti 
water, dried (sodium sulfate) and ^Nas evaporated to give 490 mg (89%) of the title compound as a p^e brown foam. 

MS nVe (%): 655 (M+Na+, 35), 650 (M-tNH4*, 100), 633 (M+H+, 14), 577 (31), 521 (52). 

b) ■[T3-r2- [f RV2-Carboxv-pvndidin-1 - yl)-2-oxo-elhoxy|-5-(5-lert-butylsulfanyl-f 1 ■2.41oxadiazol-3-vn-Dhenoxv1- 
acetyll - pyrroildin&g-caTboxyllc add 

[0125] A solution of 315 mg {0J5 mmol) (R)-1-p-[2-[(R)-2-tert-butoxycarboriyl-pyrrolldin-1-yl]-2-coto-eJhoxy]-5-(5-thi- 
oxo-4,5-dihydro-[1,2,4]oxadazol-3-yl)-phBnaxy]4cetyf]-pyn^tdine'2-cartx]xylic acid tert-butyl ester in 1.5 ml trifluoro- 
acetic add was stirred for 4 h at room temperdura The solvent was removed in vacuo and the residue suspended in 
10 ml ether. The resulting suspension was stirred overnight. Filtration and drying gave 160 mg (57%) of fiie title com- 
pound as a white powder. 

MS m/e (%): 599 (M+Na+, 54), 594 (M+NH4*, 71), 577 (M+H*, 100), 521 (37). 

Example 41 

f m-1 4f2-r2-rf R^2-carboxv-Dvn-olidin-1 -vl]-2-oxo-Bthoxy 1-3-mBthoxy-phenoxy1-acBly lj -pyrrolidipq-g-carboxvlic add 

a) CR)-1- [ [2-[2-I(R)-24ert-ButoxycarbQrivl-Dvn'Qlidin-1-vn-2-0TO-ethcKv1-3-methoxy-phenoxy]-acelyl]-pyrtolidine-2-ea^ 

boxvlic acid tert-birtvl ester 

[0126] To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml dimethyHbrmamide at room temperature 
was added dropwise a solution of 140 mg (1 .0 nmoi) pyrogalioi-l -methyl ether in 2 ml dlmeHh^fbnramide. Stirring was 
continued for 2-3 min and a solution of 584 mg (2.0 mmoQ (R)-(1)-bromoacBtyl-pyrrolidine-2-carbQxyIic ac'd tert-butyl 
ester in 4 ml dimethyHbrmamide was added within 1 -2 min. The reaction mixture was stirred for additional 3 h at room 
temperature. The solvent was removed in vacuo and the residue purified by flash-chromatography to yield 375 mg 
(67%) of the title compound as a colorless oil. 

MS m/e (%): 580 (M+NH4+, 14), 563 (M+H+, 100), 507 (14), 451 (12). 
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b) f R)-1-rfg-{a-[f Fn-2-cartxncv-pviT0lidin- 1 -yl]-2-c3xQ-Bmaxv1-3-mflthoxvH3henoxv1-acetvn-pwrolidine-2-carboxvllc acid 



[0127] A solution of 345 mg (0.61 mmol) (R)-^-p^2^(R)-2-lert4)lrtoxycartx>^yl-pyrroDd^•1-yG-^-om-elhaxy]-3-n^elh- 
aKy-phenoxy]-acety[]-pyiTolidine~2'^arboxylic acid tert-butyl ester in 4 ml trifjuaroacetic add was stirred for 4 h at room 
temperature. The solvent was removed in vacuo and tie residue suspended in 10 ml ether. The resulfing suspension 
was sfin-ed overnight RItratlon and drying gave 265 mg (96%) of the f tie compound as a white povuder. 

MS m/e (%): 473 (M-^^, 54). 451 ^H*, 100). 

Example 42 

f m-1 -frg-f2-rf R>-2-Carb(»cv^pvrrolidin-1 ^fl1-2-axo-e*'a)tv1-3-mBthvl-Dhenoxv1-acetvn<>vrtolldne-2-carbo)tvlic acid 

aURVl-r242-fmV24ert-BLjtQxvcarbonvl-awrolidin-1-vl]-g-nxo-eth oxvl-3-methvl-phenoxy]-acefa^ 
boxvlic acidtert-butvl ester 

[0128] To a solufinn of 236 mg (2.1 mmol) potassium lert-butylate in 2 ml dimethylformamide a1 room temperature 
was added dropwise a solution of 124 mg (1.0 mmol) 3-methiylcatechol in 2 ml dimethyiformamide. Stirring was contin- 
ued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-bromoacetyl-pyrrclidine-2-carboxylic add terl-butyl ester In 
4 ml (£methylformamide v«as added within 1-2 min. The reaction mixture was stirred for additional 3 h at room temper- 
ature. The solvent was removed in vacuo and ttie residue purified by flash-chromatography to yield 356 mg (65%) of 
the Htle compound as a colorless oil. 

MS mfe (%): 547 (M+H+, 100), 491 (14), 435 (17). 

bWRV1-lf2-f2-f(R)-2-Cartxaxv-pvrrolid in-1-vn-g-oxo-elhoxv1-3-nietwl-Dhenoxv1-acetyn-pvnPlidine-g-c^ acid 

[01Z9] A solution of 325 mg (0.60 mmol) (R)-1-[[2-[2-[(R)-2-tert-bulaxycarbonyl-pyrrolidin-1-yO-2-oxo-elhoxvl-3- 
methyl-phenoxy]-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml trifluoroacetic add was stirred for 3 h at 
room temperature. The solvent vras removed in vacuo amti the residue suspended in 10 ml ether. The resulting suspen- 
sion was stined overnfght. Filtration and dr^ng gave 235 mg (91%) of the thle compound as a while powder. 

MS m/e (%): 457 (M'tiJel*-, 59). 435 (M4-H+. 100). 

Beispiel 43 

(RM-rf2-r2-rfR'l-g-Carboxv-ovrrolidin-1-vn-2-oxo-Bthoxv1-3.4.5.6-tetrachloro-phenQxv1-asetvn-ovrrolidine-2-carfaoxvlic 
acid 

a) fRV1-|T2-[2-[(R)-g-tert-Butoxycarbonvl-Dtfnrolidin-1-yl]-2-CKO-ethoxy]-3.4.5.B-tetrach!orQ-phenD«v1-acBh^ 
ine-2-cafbQxvlic acid tert-butyl ester 

[0130] To a solution of 185 mg (1 .65 mmol) potassium tert-butylale In 1 ml dimethyltbrmamide at room temperature 
was added dropwise a solutian of 186 mg (0.75 mmol) tetrachlorocalechd in 1 ml dimefhytformamide. Stirring was con- 
tinued for 2-3 min and a solution of 438 mg (1.50 mmol) (R)-(1)-bromoacetyl-pyn-Dlidine-2-carboxylic acid tert-butyl 
ester in 2 ml dimethylformamide was added within 1-2 min. The reaction mixture was stirred for addifional 4 h at room 
temperature. The solvent was removed in vacuo and the residue purified by flash-diromatagrsphy to yield 229 mg 
(45%) of the title compound as a white foam. 

MS m/e (%): 671 (M+H+. 100). 615 (19). 559 (14). 

MfR)-1-IT2-f2-[fR)-a-CarboxY-pynrolidin-1-vn-2-axc>^hoxv1-a.4.S.6 -tetradiloro-phenoxv1-aoeitvn-pw 
lie acid 

[0131] Asolution of 220 mg (0.34 mmol) (R)-1-[I2-[2-[(R)-2-terf-biitoxycarbonyi-pyrrolidin-1-yl]-2-Qxo-ethoxy]-3,4,5,6- 
tetrachloro-phenoxy]-acetyO-pyrrolidine-2-carbaxylic acid tert-butyl ester in 1 .5 ml trifluoroacetic add was stirred for 4 h 
at room tenperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resulting sus- 
pension was stirred overnight. Filtration and drying gave 172 mg (94%) of the title compound as a white powder. 
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MS m/e (%}: 5Sg (M-H-, 100). 
Example 44 

R)-1 -irS-lg-K W-g-CatbQxv-Dyrrolidin-1 -vl)-2-oxo-ethoxv1-naphthalen-g-vloxv1-acetvl1-pviTolidi ne-2-carfaoxvlic acid 

a) (R)-1- [ [6-f2-[(R)-g-tert-BLitaxvcarfaonvl<>vitolidin-1-vl>-2-axo-ethoxv}-naphthalen-2-yioxvl-acetvl] - ^^^ 
bow^ic acid tert-butvl eslg 

[0132] To a solution of 236 mg (2.1 mmol) potassium tert-txitylate In 2 ml dimettiylformamide at room temperature 
was Bctded dropwise a solutiGn of 1 60 mg (1.0 mmal] 2,6-dihydroKynaphthalenB in 2 ml dmethylformamide. Stiiring was 
continued for M min and a solution of 5B4 mg (2.0 mmol} (R)-(1]-bromoacet^-pyn^ldlne-2-carboxylic acid tert-butyt 
ester In 4 ml dimelhylfbrmarrtde vuas added within 1 -2 min, Tfie reaction mixture was stirred for additional 3 h at room 
tempeiatura TTie solvent was removed in vacuo and the residue purified by flash-chromatography to yield 120 mg 
(21%) of the title compound as a white solid. 

MS m/e (%): 605 (MfNa+. 14), 600 (M+NH4+. 92). S83 (M+H*^. 5). 527 (32). 471 (100). 

b) R)-1 -rr6-[2-f(R>-2-Carfa oi(v-Dvrrolidin-1-vn-2-axo-rihoKvl-naDhlhalen-g-vlaxv]-acetyl]-pyrrolidl^ acid 

[0133] Asolulionof75mg(0.13mmd)(R)-1-[[6-[2-[(R)-2-tert-buloxycaibonyl-pyrrolldin-1-yf)-2-oxo-ethQxy]-naphtha- 
len-2-yloxy]-acetyl]-pyrrolidine-2-carbQxylic add tert-butyl ester in 1.5 ml trifluoroacetic acid was stirred for 18 h at room 
temperature. The solverrt was removed in vacuo and the residue suspended in 10 ml ether. The resulting suspension 
was stirred overnight. FHraticn and dryng gave 60 mg (se%) of the title conpound as a white powder. 

MS m/e (%): 493 (M+Na+. 58). 488 (M4WH4+, 33), 471 (l«V»-H+, 100). 

E?ample..45 

(R)-1-[f5-[g-[fR1-2-Carta oxv<)vrrolidin-1-vO-2-oxo-etho)tv1-naDhthalen-l-vloxv] -aC6tyri -pvrrolidine-2-carboxvlic acid 

a1 (H)-i -rrS-K-ff Rl-2-tert-Buto)cvcarbonv h3vrrolidin-1 -vn-2-oxo-etho){v1-naDhthal6n-1 -vloxv1-acetyl]-pviTolidine-2-car- 
boxylic acid tert-butyl ester 

[0134] To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 mi dimethyHbrmamlde at room temperature 
was added dropwisea solution of 160 mg (1 .0 mmol) 1,5-dihydroxynaphthalene in 2 ml dimethylformamide. Stirring was 
continued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl 
ester in 4 ml dimettiylformamide was added within 1-2 min. The reaction mixture was stirred for additional 3 h at room 
temperature. The solvent was removed in vacuo and ttie residue purified by flash-chromatography to yield 470 mg 
(81%) of the title compound as a pale yellow foam. 

MS m/e (%): 605 (tJk-Ha*. 10). 600 (M+NH4+, 100), 527 (20). 471 (63). 

tii fRM-rr5-f2-ffR^g-Carboxv-pvrrolidin-l-vi1-2-oxo-etlio xy] -naphthalen-1-vloxv1-acelvl1-pvrrolidine-2-carboxvlic acid 

[0135] A solution of 290 mg (0.5 mmol) (R)-1-[[S-[2-[(R)-2-tert-butoxycarbonyI-pyrrolidin-1 -yl]-2-oxo-ethoxy]-nap)Ttha- 
len-1 -yloxy]-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml trifluoroacetic acid was stirred for 18 h at room 
temperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resulting suspension 
was sfin-ed overnight. Rltration and drying gave 230 mg (98^ of the title corrpound as a white powder. 

MS m/e (%): 493 (M+Na+, 45), 488 (M+NH4*, 37), 471 (M+H+, 100). 
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Example 46 

f RM -rr3-f2-rf RV2-Carboxv-Pvnroliclin-1 -vll-2-ai(o-ethaxv1-nap>HhalBn-2-vloxy1-acetvn-Dvrrolidine-2-carfa(Kvlic add 

fRV1-[r3-r2-rfRV24art-ButaicvcarbQnvl-Dvrdidin-1-vn>2-oam-athmi v1-naphthalen-2-^ 
boxvlic add tert-butyl ester 

[0136] To a solution of 236 mg (2.1 mmol) potassium tert-butylale in 2 tri dimethylfarmamide at room temperature 
was added dropwise a solution oil 60 mg (1 .0 mmol) 2,3-dihydroxynaphthalene In 2 ml dimethytformamide. Stirring was 
continued for 2-3 rain and a solution o{ 584 mg (2.0 mmol) (R)-(1)-bromoacelyl-pyrrDlidlne-2-carboxylic acid tert-butyl 
ester In 4 ml dmeth^rmamide was added within 1 -2 min. The reaction mixture was stirred for additional 3 h at room 
temperature. The solvent whs remcved in vacuo and the residue purified by flaEh-chromatography to yield 310 mg 
(53%) of the title compound as a colorless oil. 

MS m/e (%): 605 (M+Na*. 27), 600 (M4WH4+, 16), 583 (M+H+, 100), 527 (16), 471 (24). 

bWm-1-ir3-f2-rm^2-Carbox>fcpvrrdidin-1-vl]-2oxo.Bthox y]-naplTthalen-2-vlaxv1-a^ 

[0137] Asolution of 230 mg(0.4mmol) (R)-1-n3-{2-[(R)-2-tert-butoxycaitionyl-pyrrolidln-1-yl]-2-oxo-ethoxy]-naphlha- 
len-2-ylQxy]-acetyqi)yrro[idine-2-carboxyllc acid tert-butyl ester in 5 ml tilfluoroacelic acid was stirred for 18 h at room 
temperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resulting suspen^on 
was stirred overnight nitration srd drying gave 1 80 mg (96%) of the title compound as a white powder. 

MS m/e (%}: 469 (M-K , 100). 

Example 47 

fRV1-ITg'-l2-rfRl^-CarboxvK)vrrolidin-1-vn-2-axo-ethQx vl-biDhenyl-2-yloxy]-aeetyl]-pvniDiidine-2-ca^^ 

fRl-1-frg'- f2-((Ri-g-teri-Butoxvcaifaonvl-pyrrolidin-1-vll-2-oxo-ethoxv1-biphenvl-2-vloxv1-acetvl)-pvn'olidine-2-caffaoxy- 
lie acid tert-butyl ggter 

[0138] To a solution of 1 60 mg (1 .44 mmol) potassium tert-butyiate in 1 .6 ml dimethytformamide at room temperature 
was added dropwise a solution of 1 27 mg (0£9 trmol) 2,2'-dihydroxybiphenyl in 1 ml dimethyHbrmamide. Stliring was 
continued for 2-3 min and a solution of 400 mg (1 .37 mmd) (FI)-(1)-brcmoacetyli3yrrolidine-2-carboxylic add tert-butyl 
ester in 4 ml dimethyifomnamide was added within 1-2 min. The reaction mixture was stirred overnight at room temper- 
ature. The solvent was removed in vacuo and the residue purified byflash-chromatography to yield 84 mg (20%) of the 
tiUe compound as a light browi oil. 

MS m/e (%}: 631 (M+Na-", 22), 626 (M4NH4+, 100), 609 (M-f^, 16). 

b) f RM -[T2'-r2-rf m-2-Carboxy-pvrrolidln-l ■yll-2-oxo-Bfhaxyl-biphanvl-2-vlaxv1-acBtvlT-pvrrolidlne-2-cartioix\^ic add 

[0139] A solution Of 87 mg (0. 1 4 mmd) {Fl)-1 -I[2'-[2-[(R)-Z-tert-birtoxycart»nyl-pynT3lidin-1 -yl]-2-oxo-elhoxy]-biphe- 
nyl-2-yloxy]-acetyl]-pyrrolidine-2-caiboxylic acid tert-butyl ester 

In 1 ml trif luoroacetic acid was stirred for 4 h at room temperature. Ttie solvent was removed in vacuo and the residue 
suspended in 10 ml ether. The resulting suspension was stirred overnight. Filtration and drying gave 31 mg (44%) of 
the titie compound as a light brown powder. 

MS m/s (%): 519 (M+Na+, 62), 497 (M-tH*. 100). 
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Exanple 48 

(RV1 ■ff4-f2-|'(R)-2-Carboxv-pvrrolldln-1 -vl)-g-oxD-c^hoxyVnaph1halen-1-vloxv1-acetvn-PvrrolkJlne-2-cait)oxyllc acid 

a) (R)-1-[f4-[2-[<Rl-2-ler1-Butaxvcartx3nyl-pyrrolidin-1-Yl)-2-QXQ-elhQxv1-naDhthalen-1-vlQxv)-ace^^ 
boxvlic add t ert-butvl ester 

[0140] To a solution of 160 mg (1.44 mmol) potassium lert-butylale In I.Smldimethylformamide at room temperature 
was added dropwise a solution of 116 mg (0.69 mmol) 1 ,4-napfithoquinone in 1 ml dimetfiylformamide. Stining was 
continued tor 2-3 min and a solution of 400 mg (1.37mmo[) (R)-(1)-brQmoacetyl-pyriolldlne-2-cartx»(ylic acid tert-butyl 
ester in 4 ml dlmelhyHormamide was added wttfiin 1-2 min. Tfie reaction mixture was stirred ovemlgfit at room temper- 
ature. The solvent was removed in vaaio and tfie residue purified by flasfi-cfiromatography to yield 269 mg (67%) of 
tfie title compound as a Hgfrt brcwn team. 

MS irVe (%): 600 (M+N4-', 100). 

b) (RM-[r 4- [2 -f(R)-2-Carboxy-pyn-olidin-1 -yl)-2-OKo-ethQxv1-napfTlfi^Bn-1 ■vloxvl-acBlvll-Dvn-olidine-2-carboxvlic acid 

[01411 A Eolution of 1 72 mg (0.30 mmol) (F9-1-[[4-[2-[(Rj-2-1ert-butoxycartx)nyl-pyrrolidin-1-yl)-2-oxo-elhoxy]-napti- 
tfialen-1-yloxy]-acetyf]-pyrrolidine-2-cart>o)cyllc acid lerl-bulyl ester in 1.5 ml trifluoroacetic acid was stirred for 4 h at 
room temperature. The solvent was removed in vacuo and tfie residue suspended in 1 0 mi etfier. The resulting suspen- 
sion was stiired overnight. Filtralian and drying gave 140 mg (quantilatfve) of the tlUe compound as a light brown pow- 
der. 

MS m/e (%): 469 (M-H'. 100). 
Example 49 

fRV1-fr7-r2-rm)-2-Catfaoxv-pvrrolidin-1-vli-2-(M-e1hoxv1-naDhthalen-2-vloxyi-acetyni3wiolld 

a^ (RM ■rr7-[2-[f R)-2-ten- Buta)cvcarbonvl-pvirolidin -1 -vn-2-oxo-ethoxv1-naoh1halen-2-vloxv]-aceitvIl - pyrrolidlne-2-car- 
boxylic acid tert-butyl ester 

[0142] To a solution of 1 1 0 mg (0.68 mmcQ 2,7-dihydioxynaphthalene and 400 mg (1 .37 mmcQ (R)-(1)-bromoacety(- 
pyrrolidine-2-carboxylic acid tert-butyl ester in 1 .5 ml dimethylformamide at room temperature were added 430 mg 

anhydrous potassium carbonate. After stirring for additional 20 h, the potassium salts were filtered off and the solvent 
was removed in vacuo. The residue was purified by f la^-chromatography to yield 296 mg (74%) of the title compound 
as a white foam. 

MS m/e (%): 600 ^-t-NI-14-^, 100). 527 (25). 471 (99). 

M fR>-1-fr7-[2-rfm-2-Carbow-ovrrolidln-1-vlV2-axo-etioxy]-naphftalen-2-vloxv1-ace^vl1-ovrtolldine-2-carboKvllcacM 

[0143] A solution of 272 mg (0.47 mmol) (R)-1-[[7-[2-[(R)-2-tert-butoxycarbonyl-pyrrolldin-1-yl)-2-oxo-ethoxy]-naph- 
thalen-2-yloxy]-acetyl]-pyrrolidine-2-carboxylic acid tert-txjtyl ester in 1.5 ml trifluoroacetic acid was stirred for 4 h at 
room tenperature. The solvent was removed /n vacuo and the residue suspended in 10 ml ether. The resulting suspen- 
sion was stirred overnight I^iltration and drying gave 209 mg (95%) of the frtle compound es a vvhtte powder. 

MS mfe (%): 493 (M+Na+. 48}. 488 (M+NH4+, 23). 471 (M+H*. 100). 
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Example 50 

fR^1■^^3■f^4fRV^-Carlxl)cy1Jy^rolidin-1-v^-2^oxo^ethvlaminol^3he^vlanB^ acidfrif- 
luoroaoetate(1:2) 

a) fRV1-fT342-rfR^2-tert-ButeKVcatfaon\fl<)molidin-1-vn-2-o)m-rthvlamino1-[*ienvlaminoV 

vlic acid tert-butvl ester 

[0144] To a solution of 75 mg (0.69 mmol) 1 ,3-phenylenediamlne and 400 mg (1.37 mmol) (R)-(1)-bromoacetyl-pyr- 
rotidine-2-carboxylic acid tert-butyl ester in 3 ml dichloromethane at room temperature were added 0.21 ml (1.5 mmol) 
triethylamine. The reaction mixture was stirred overnight at room tenperature. The organic phase was washed with 1 
N sodium carbonate solubon and brine, dried (sodium sulfate) and ev^orated. The residue was purified by fla^-chro- 
matography to yield 2B5 mg (78%) of tfie title compound as a lEght brown tbam. 

MS m/e (%): 553 (M+Na+. 1S), 531 (M+H"-, 100), 475 (20), 419 (10). 

b\ mV1-n^3-r2-rf RV2-CarbQxvwrrdidl n-1-vll-2Kixo-ethvlamino]-Dhenvlamlno]-acetvn-pvrrolldine-2-carboxylic add trif- 
luoroacetatef1:2) 

E0145] A solution of 170 mg (0.32 mmol) (R)-1-[|3-(2-[(FI)-2^ert-butcKycarbonyl-pytididin-1-yO-2-oxo-ethylamino]- 
phenylaminol-acetyO-pyTolidine^carixKylic add tert-butyl ester in 4 ml trffluoroacetic add was stirred for 4 h at room 
temperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resulting st^ensTon 
was stirred overnight. Filtration and drying gave 130 mg (63%) of Ihe title compound as a brown foam. 

MS m/e (%): 417 (M-H". 100). 

Exampie 51 

f RM -rr4-r2-r(R1-2-Caifaoxv-pwTolldin-1 - yl1-2-oxo-Bthvlamino1-nhenvlamino1-acetvl]-pvn^idine-2-carboxvlic add trif- 
luoroacetaten:g^ 

a^ fRV1■^T4-r2-^(Rl■2^e^t-Butoxvcarbonvl-py^rolidin^1^vn^2^Ko-Bthvlamino1■ri^envlamino^-acetvn-Dwolidl^^e-2■^ 
vlic acid tert-butvl ester 

[0146] To asdution of 75 mg (0.69 mmol) 1,4-phenylenediarrine and 4O0 mg (1.37 mmol) (R)-(1)-bromoacetyl-pyr- 
rolidine-2-CBrboxylic add ter^butyl ester in 4 ml tetrahydrofuran at room temperature were added 190 mg anhydrous 
potassium carbonate. The reaction mixture was stirred ovemight at 40'>C. TTie potassium s^ were filtered off snd the 
solvent was removed in vacuo. The residue was purified by flash -chromatogr^hy to yield 180 mg (50%) of the title 
compound as a brown foam. 

MS m/e (%): 553 (M+Na+, 26), 531 (M+H*. 100). 

tii (ffl-1-[T4-f2-rfRV2-Carboxy-pvrrdidw-1-vn-2-oxo -Blhvlamino1-Dhenylamino]-acetvl1-pvrrolidlriB-2-FarfaoKvlic acid trif- 
liJoroacetatef1:2') 

[0147] A solution of 158 mg (0.32 mmol) (R)-1 -[[4-[2-[(R)-2-tert-butoxycarbonyl-pyrrdidin-1-y|]-2-oxo-ethylamino]- 
phenylamino]-acetyl]-pyrrolidine-2-carboxyiic acid lert-butyl ester in 2 ml trifluoroacetic acid vras stirred for 4 h at room 
temperature. The solvent was rerrvived, the residue suspended in toluene and the solvere removed again to eliminate 
excess trifluoroacetic acid. The residue was re-suspended in 10 ml ether. The resulting suspension was sdned over- 
night. Filtration and drying gave 160 mg (78%) of the title compound as a brown loam. 

MS mfe (%): 417 (M+r, 100). 
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Example 5 g 

m)-14n2-[^fR)-2<:iarbonvl-iwrroiidin-1-vn-2-oxo-8t hvn-lxitvl-arTifrioVac^ 

m 

a) {R)0-[ F[2- [(R)-2-tert-Buta)wcarbonvlwrolidin-1-vn-2-oxo-Bthyll4jutvl-aminol-acBh/nw 
tert4xitvl ester 

[0148] To a solution of 136 mg (1.86 mmol) butylamine and 995 mg (3.40 mmol) (R)-(1)-bromoacelyl-pyrrolidlne-2- 
caiboxyiic acid lert-butyl ester in 4 ml dicliioromethane at room temperature were added 0.52 ml (3.74 mmol) JrietfTy!- 
amine. The suspension was stirred overnight at room temperalure. The organic phase was washed with 1 N sodium 
caibonafe solution and brine, dried (sodium sulfate) and evaporated. The residuewas purified Ijyflash-chromatograptiy 
to yield 830 mg (98%) of the title compound as a light brown oil. 

MS m^e (%): 524 (2M+NI*, 37), 496 (M+H*. 100), 468 (2), 440 (7). 

b) (R)-1 ■rrr2-rf m-2-Cart)onvl-pwiinildin-1 - vn-2-oxD-Bthvl1-l3utvl-amlno1-acetvlVDvrrolidine-2-carboxvlic acid IrlfluoroacB- 

taef1:11 

[0149] A solution of 50 mg (0. 1 mmol) (R)-1-[[[2-[(R)-2-tert-butoxycariMnyl-pyrrolldln-1-yO-2-oxo-ethyl]-butyi-amino]- 
acetyG-pyrrolidine-2-carba)(yllc add ter1-buty< ester in 0.2 ml trif luoroacetlc acid was stirred for 4 h at room temperature. 
The solvent was removed in vacuo and the residue suspended in 10 mi eBier. The resulting suspension was stirred 
overnight. Filtration and drying gave 46 mg (92%) of the title compound as a 11^ brown pcwder. 

MS m/e (%): 382 (M-H". 100). 

Example 53 

f R^l -[[r2-rf ro-2-Carbonvl-Dvrrolidin-1-vn- g-oxo-Bthvl>f2-methoxv-ethvl^aminoT-acBhri]H3yrrolldlnB-2-ca[faQ^ acid t ri- 
fluoroacatatef1:1> 

a) fR^-1-r[r2-ffRV2-tert-Butoxvcarbonvl- Pvn'olid'in-1-vl1-2-oxo-ethyn-f2-metho)cv-Bthvl)-amlno)-acetyll-pvrrolidinB-2-cq r- 
boxvlic acid tert-buivl ester 

[01SD] To a solution of 137 mg (1 .83 mmol) 2-melhoxyethylamine and 970 mg (3.33 mmoQ (R)-(1)-bromoacetyl-pyr- 
rolidine-2-carboo(ylic acid tert-butyl ester in 4 ml dichloromethane at room temperature were added 0.51 ml (3.66 mtnol) 
triethylamlne. The suspension was sfirred ovemight at room temperature. The organic phase was washed with 1 N 
sodium carbonale solution and brine, dried (sodium sulfate) and evaporated. The residue was purified by f lash-chroma- 
tography to yield 397 mg (48%) of the title compound as a light brown oil. 

MS m/e (%):520 (M+Na*, 50). 498 (M+H*, 100). 

M fRM -[rr2-rf R>-2-Carbon vl-Dvrrolidin-l -vt1-2-oxo-ethvl1-f2-melhoxv-ethvnamino)-acetyl]-p¥iTolldinB-2-carboitvlic add 
trif lucroacetate f 1 :1 ^ 

[0151] Asolution of 367 mg (0.74 mmol) (R)-1 -[P-[(R)-2-tert-butoxycarbonyl-pyrrolidin-1-yl]-2-oxo-ethyl]-(2-methoxy- 
ethyl)-amino]-acetyl]-pyrroiidine-2-carbQxylic acid tert-butyl ester in 2 ml Irifluoroacetic acid was stirred for 3 h at room 
temperature. The solvent was removed in vacuo and the residue suspended in 10 ml ether. The resulting suspension 
was stin-ed overnight Filtratian and drying gave 350 mg (95%) of the title compound as a light brown foam. 

MS m/e {%): 384 (M-H", 100). 
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Example 54 

f R)-1 -FfBenzyl-[2-rf FQ-g-carbQxv-DWTolidin-l -vl1-2>o)co-Bthvl1-amino1-acelvl1-Dvrrolidlne-2-carbo)cvlic acid trifluoroace- 
tat6(1:1) 

a) ( R)-1 - [ [Benzvl-[2-r(R)-2-ter1-birtQ)cvcarbonvlH3vrroiidin-l -vn-aK3xO'ethvll-aminol-a[»1vl1-pvrrdidlnB-2-cartMi)tvlic add 

tert-butvl ester 

[0152] To a soluticxi of 104 mg (0.97 mmol) benzylamine and 514mg (1 .76 mmo[) (R)-(1)-bromoacetyl-pyrrolidine-2- 
carboxylic acid tert-but/l ester in 5 ml dichloromethane at room temperature were added 0.27 mi (1.94 mmoi) triethyl- 
aralne. Tlie suspension was stirred overnight at room temperaturB. The organic phase was washed with 1 N sodium 
carbonate soiution and brine, dried (sodium sulfate) and evirated. Tlie residue was purified by flash-chromatography 
to yield 270 mg (58%) of the title ccrnpound as a light brown oil. 

MS m^e (%): 552 (M+Na*. 12), 530 (M+H+, 100). 

b^ fR)-1-frBenzvl-r2-f(RV2-(art«OTwrrdidin-^1-vn-2KJXo-elhvl1-anino1-acetvl]-pyrrolidlnB-2-carbo^ acid trifluoroace- 

[0153] A solution of 200 mg (0.38 mmol) (R)-1-[[Benzyl-^-[(R)-2-tert-butoixycarbonyl-pyrrotidin-1-yl]-2-axo-ethyl]- 
amina]-acetyl]-pyrralidlne-2-carb(K^ic acid tert-butyl ester 

In 2 ml trifluoroacetic acid was stirred for 3 h al room temperalure. The solvent was removed in vacuo and Ihe residue 
suspended in 10 ml ether. The resilting suspension was stirred overnight Filtration and drying gave 189 mg (94%) of 
the title compound as white crystals. 

MS m/e (%): 440 (M+Na*, 16), 418 {M+H+. 100). 

ExanpleSS 

fRVl-ft3-f2-rfR^2-CarbQxV'pvfrolHjin-1-vi1-2-oxQ-ethvl1-1.3<libuWI-uiiaMo1-acetvl)ia^ 
a) fR1-1-Butvlaminoacetvi-pvrrolidine-2-cartx?xvlic acid tert-butyl esler 

[0154] To a solution of 1 .58 ml (1 6 mmoQ buiylamine in 1 ml dichloromethane was added dropwise a solution of 470 
mg (1 .8 mmoi) (R)-(1)-bromoacetyI-piyrrGiidlne-2-<:arbcKylic acid tert-butyl ester in 2 ml dichloromethane at room tem- 
perature. The suspension was birred overnight. The organic phase was washed with 1 N sodium carbonate solution 
and brine, dried (sodium sulfate) and evaporated. The residue was purified by flash-chromatography to yield 370 mg 
(81%) of the title compound as a li^t brown oli. 

MS m/e (%): 285 (iM+H^ 100). 

bU R)-1 -rr3-r2- rf R1 -2-tef t-Buioxvearbonyl-pyrroMIn- 1 -vl1-Z-axo-flth\ri1-1 .S-dibut^^-ureidol •acelvnH3vrro[idine-2-carbo){v- 
lic acid tert-butvl ester 

[0155] To a solution of 165 mg (0.58 mmoQ (R)-1-butylarrtnoacetyl-pyrrolidine-2-carboxylic acid tert-butyi ester in 5 
ml toluene were added 305 mg anhydrous sodium carbonate. The suspension was evaporated to dryness and the res- 
idue was re-suspended in 2 mi tetrahydrofuran. Then, 1.4ml (2.88 mmoi) of a phosgen solution (20% in toluene) were 
added and stirring was continued for 6 h at 50°C. The sodium salts were filtered off and washed with tetrahydrofuran. 
The filtrate was evaporated and 165 mg (0.58 mmol) RO-64-2576/000 dissolved in 2 mi tetrahydrofuran and 305 mg 
anhydrous sodium carbonate were added again. After fining overnight at 50°C, the organic phase was washed with 1 
N hydrochloric acid sdution, dried (magnesium sulfate) and evaporated to give 330 mg (91 %) of the titie compajnd as 
a light brown powder. 

MS m/e (%): 617 (M+Na*, 19), 595 (M+H+, 100). 

ct fflV1-tr3- r2-rfR^2-Carboxy-pvnT3iain-1-vn-2-oo(o-ethvi11.3-dibutvl-ureMo1-acefall-ovrrolidine-2-carbox^ 

[015B] A solution of 278 mg (0.47 mmci) (R)-1-[[3-[2-[(R)-2-tert-t)utoxycarbonyl-pyn-olidin-1-yl]-2-oxo-ethyl]-1 ,3-dlb- 
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Lrtyl-ureklo]-acetyl]'pyiToliciine-2-carboixylic acid tert-butyl ester 

in 2 ml trifluoroaceUc add was stirred for 4 h at room temperature. The solvent was removed in vacuo and the residue 
was dried to give 167 mg (74%) of the tie compound as brown loam. 

MS m/e (%): 505 (M-fNa"-. 1 1), 487 (33), 483 (M-f 33], 465 (100). 
Example 56 

fR)0-[[1.3-Dibenzyl-3-f2-rfRV2-carfaQxv-Dwroiidin-l-vi1-2-oxo-ethvl]-uredo1-ac:elvn-tmolidine-a-caifaow^^ acid 

a) fRV1-Benzvlaminoacetvl-pvrrolidine -2-carboxylic acid tert-butyl ester 

[01 57] To a solution of 1 .25 ml (1 1 .4 mmol) benzylamine in 1 mi dichloromethane was added dropwise a soiuiion of 
335 mg (1 .14 mmol) (R)-(1)-bromoacelyl-pyrrDlidine-2-oal3axyiic acid lert-butyl ester In 2 ml dicNoromethane at O-C. 
The suspension was stirred for 4 hat this temperature. The organic phase was washed with 1 N sodium carbonate solu- 
tion and brvie, dried (sodium sulfate) and evaporated. The residue was purified by flash-chromatography to yield 312 
mg (86%) of the title compound as an amorphous solid. 

MS m/e (%): 319 (M-tH*. 100). 

b) fR)-1-rri,3-Dib8nzvl-3-[2-fmV2-lBrt-but oxvrari3onvl-Dviroiain-1-vn-2<KO-ethvll4^^ 
vile acid ter( 43utyl ester 

[0158] To a solution of 233 mg (0.73 mmol) (R)-1-benzy(ammoace1yl-pyrrolldine-2-carboxylic acid tert-butyl ester in 2 
ml toluene at room temperature were added 0.20 ml (1 .34 mmol) triethytamine. Over a period of 3 h, 0.30 ml (0.70 
mmol) of a phosgen solution (20 % in toluene) were added in 6 porlions and stirring was continued for 3 h at room tem- 
perature. The organic phase was washed with 1 N hydrochloric acid solution, 1 N sodium carbonate solution and brine, 
dried (magnesium sulfate) and evaporated. The residue was purified by flash-chromatograpt^ to give 245 mg (50%) of 
the titie compound as a light ydlow oil. 

MS mfe (%): 685 (M+Na+. 28), 680 100), 663 (M+H*, 30). 

c^ f RV1 -iri .3-Dlbenzvl-3-[2-rfR)-2-car baxv-POTrondin-1 -vl1-2-oxo-atiTyl1-ureido1-acBtvn-pvrrolidine-a-cariboxvlic acid 

[0159] A solution of 220 mg (0.33 mmol) (R!)-1-I[1,3-Dibenzyl-3-[2-[(R)-2-tert-butoxycarfaonyl-pyrrolidin-1-yO-2-oxo- 
ethyq-ureido]-acetyl]-pyrTolidine-2-carbaicylic acid tert-butyl ester In 5 ml 4 N hydrochloric add solutian in dioxane was 
stirred for 5 h at room terrperafure. The product was extracted with 1 N sodum hydroxide solution, the basic extract was 
acidified with 1 N hydrochloric acid solution to pH 4 and the product extracted with ethyl acetate. The organic ptese was 
dried (rtBgnesium sulfate) and evaporated to give 74 mg (41%) of the title compound as a brown oil. 

MS m/e (%): 549 (M-H", 100). 

Example 57 

f RV1 -Benzvl sminQacetvl-Dvrrolidine-2-earbQxylic aci J 

[0160] The title compound was formed via urea clearage as side product during the preparation of (R)-1 -[[1 ,3'Diben- 
zyl-3-[2-[(R)-2-carboxy-pyrrolidin-1 -yl]-2-oxo-ethyl]-ureido]-a;etyl]-pyrrolidine-2-carboxyiic acid. II was isolated from the 
acidified aqueous solution as follows. The water phase was concerrtraled and the residue was suspended in 2-propa- 
nol. Inorganic salts were filtered off over celite. Evaporation and drying gave 78 mg (45%) of (R)-1-benzylaminoacetyl- 
pyrrolldine-2-carboxylic add as a colorless foam. 

MS mte (%): 261 (M-H-, 100). 

[01 61 ] In the following Examples the general procedures are used: 
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General Procedure A: EDO Couplinq Reaction 

[0162] To a stirred solution of D-proline benzyl ester hydrocNortie (2 dqiiv.], a dicaibaxyllc acid (1 equiv.], N- 
methylnvjrphollne (6 equiv.) and hydroxybenzotriazole (2 equiv.) in dicNoromethane at 0 "C was added A/-(3-dlmetliyl- 
aminopropyl)- JV'-ettiylcarbodlimide tiydroctiloride (2 equiv.) and stirring continued at 0 for 2 li and then at room tem- 

perabjre far 16 h. The reaction mixture was then washed sequentially with 1 M hydrochiloric acid, saturated sodium 
bicarljonate solution and finally witli saturated brine, and the aqueous phases back-extracied with dichioramethane. 
The combined aganic extracts were dried over sodium sulphate and concenlrated in vacuo. Purification by flash chro- 
matography on kieselgel then afforded the title compound. 

General Procedure B: Hy drooenolvsis of benzyl ester 

[01 63] A solution of the benzyl ester in isopropanol was stirred with 5 wt% of 1 0% palladium on charcoal under 1 atm 
of hydrogen for 16 h at room lenperafcre. After filtration to remove the catalyst, the reaction mixture was concentrated 
in vacuo and azeotroped three times with chloroform on a rotary evaporator to remove last traces of isopropanol. The 
resulting product (ofter^ a viscous oil, serri-solid or foam) was triturated in ether and then dried in vacuo (10 mbar) at 
50 "C for 16 h. 

Example 58 

fR1-1 -f5-r(R)-2-Carboxv-pvrrolidin-l -vl]-2.4-dimethvl-5-oxo-pentanovll-Dvrrolidine-2-carfaoxvlic acid (mixture of 3 dias- 
tereomers) 

a) f R1-1 -f5-ff R^-2-Benzvloxvmethvl-pvnpHJin-1 -vtl-g.4-dlrrethvl-5-oxoH3entanovl1-Dvrrolidlne-2-cart)oxvllc acid benzyl 
ester (mixture of 3 diastereomers) 

[0164] Using General Procedure A with 6.05 g (25 mmol) D-Prdine benzyl ester hydrochloride and 2.0 g (12.5 mmol) 
2,4-dtmethylglutarlc add affonJed, after flash chromatograpliy (EtOAc), 4.3 g (64%) of the title compomd as a fight yel- 
low oil. MS m/e (%): 535 (M+)^, 100). 

b) (RVI-rs-ff RV2-Carboxv-rw'rolldin-1-vl1-2.4<llma%l-5-OKO-pent anovn-Dvn^Edine-2-caitx>^ acid fmixlure of 3 

di astereomersi 

[0165] Using General Procedure B with 4.30 g (8.05 mmol) (R)-1-[5-[(R)-2-benzyloxymBthyl-pyrrolldin-l-yl]-2,4-dime- 
thyl-5-axo-pentanoyl]-pyrrolldine-2-carboxylic add benzyl ester (mixture of 3 diastsreomers) afforded 2.58 g (91%) of 
the title oorrpound as a white foam. MS m/e (%): 355 (M-t-l^^ 100). 

Example 59 

fR1-1 -r4-ff RV2-Carboxv-Dvrrdidin-1-vn-2.3-dmathvl-4.oxo-butvrvl1-pvffo lldtnB-2-caitaoxvlic add (mixture of 3 diasterft- 
omers^ 

a') (R)-1-f4-f(R)-2-Benzvlo)tvearbQnvl<3vrrolidin-1-vn-2.3-dirTielhyi-4-oxo-butyryl1-pyrrolldine-2-catfaoxvlic acid benzvl 
ester (mixture of 3 diastereomersi 

[0166] Using General Procedure Awith 2.0 g (8.2mmol) D-Prollnebenzyl ester hydrochlorideand 600 mg (4.1 mmol) 
2,3-dimethylsuccinic acid afforded, after flash chromatograpliy (EtOAc), 1 .45 g (69%) of the title compound as a colour- 
less oil. MS m/e (%): 521 (M+H*, 100), 

b\ (R)-1-[4-[(RV2-Caffaoxv-Dwrrolidin-1 -vll-2.3-dimethvl-4-oa(o-butvrvn-ovrrdidine-2-carboxylic acid (mixture of 3 dias- 
tereomersi 

[0167] Using General Procedure B with 1.45 g (2.78 mmol) (R)-1-[4-[{R)-2-BenzyloxycarbDnyl-pyrrolidin-1-yl]-2.3- 
dimethyi-4-oxo-butyryl]-pyrrolidine-2-carboxylic add benzyl ester (mixture of 3 diastereomeis) afforded 780 mg (80%) 
of the title compound as a white foam. MS m/e (%): 341 (M+H+, 1 00). 



47 



EP0gi5088A1 

Example 60 

fRV1-rtrans-4-[(R)-2-Catt)o»f-[wiTcilidine-1 •carfaonvn-cvcloheicanecaitionvn-pvrrolicline-2-catboxvllc add 

a) f RV1 -nrana-4-ff R)-2-BBn^y lo) tycaft)onyl-pvrroiidinB-1 -carbonvn-ow:lohe3tariecaibonvll-pyrfolidine-2-cartioxvlic acid 
benz\ri ester 

[0168] Using General Procedure A with 2.0 g (8.2 mmol] D-Proline benzyl ester tiydrochloride and 700 mg (4.1 mmoi) 
frans-cyclohexane-1,4Kjicaitx»cylic add alforded, after flash chromatography (EtDAc), 1.67 g (76%) of the title com- 
pound as a colourless on. MS m/e (%): 547 (M+H*, 100). 

b) (R)-1 -|tranB-4-rf RI-2-Catfaaxv-pvrrolidlne-l -cattorwl]-cvclohexanecattaonvtl-pvrrolidinB-2-rait)oxyllc acid 

[0169] Using General Procedure B wrth 1.61 g (2.95 mmol) (R)-1-[trans-4-[(R)-2-BenzylaKycarbony]-pyrrolldine-1-car- 
bony4]-cyclohexanecarbonyl]-pyrrolidine-2-cartx»yllc acid benzyl ester aftonded 1 .07 g (99%) of the title compound as 
a white foam. MS m/e (%): 367 (M+H*. 100). 

Example 61 

fR)-1-[cis-4-ffRV2-Carbo)w-pynx)lldine-1-carbonvn-cvdohexanBcaitx)nvl1-pvrrolidine-2<arta^ 

f RV1 -rcls-4-rf RV2-Benzvla){vcarbonyl-pvrrolidlne-1 ■c arbonvll-cvclohBxanBcaiticinyi]-Dyrrolidine-2-carboxylic acid 
benzyl ester 

[0170] Using General Procedure A with 2.0 g (8.2 mmol) D-Proline benzyl ester hydrochloride and 700 mg (4.1 mmol) 
cffi-oyclohexane-l ,4-dicatt)oxylic acid afforded, alter flash chromatography (EtOAc), 2.0 g (91%) of the title compound 
as a colourless oil. MS m/e (%): 547 (M+H+, 100). 

ti\ f Rl-1 -fcis-4-rf RV2-Carboxv-pyrrolidlne-1 -catbonvl1-cvclohexanecari3onvnH3ViTolidine-2-caitoxvlic acid 

[0171 ] Using General Procedure B with 2.0 g (3.66 mmd) (R)-1 ■[ds-4-[(R)-2-Benzyloxycart)onyl-pyrrdidine-1 -oarbo- 
nyl]-cyclohexanecarbQnyi]-pyrrolidine-2-carbaxyllc acid benzyl ester afforded 930 mg (69%) of the title compound as a 
white foam. MS m/e (%): 365 ([M-hq'. 100). 

EicarTplee2 

fR^-1-r3-r(R^2-Cart30xv-Dvrrdidine-1-carbonvll-cvcloheianecetfaonvn-DvrrdidinB-2-caiboxyllc acid (mixture of 3 dlas- 
tereomeral 

aURV1-r34ffiV2-BenzvloxvcarbonvlH3vnrdkiine-1-carbonvn-cyclohexanecatbonyll-pynrdidinB -2-carbQxyncaddben 
ester fmixture of 3 diastereomersi 

[0172] Using General Procedure A with 5.6 g (23.2 mmol) O-Prdine benzyl ester hydrochloride and 2.0 g (1 1.6 mmol) 
cyclohexane-1 ,3-dicart3oxylic acid afforded, after flash chromatography (EtOAc), 4.4 g (70%) of the tWe conpound as 
a odourless oil. MS m/e (%): 547 (MtH+, 100). 

b) (R)-1-[3-rfR)-g-Carboiy-pyrrolidina-1-cart»nvl1- cvdohexanecartaonyl]-pyrrd[dlne-2-cafboxylr^ acid (mixture of 3 
diastereomersi 

[0173] Using General Procedure B with 4.4 g (8.05 mmol) (R)-1-[3-{(R)-2-Benzyloxycarbonyli3yrrolidine-1-caibonylJ- 
cyclohexanecarbonyl]-pynDlidine-2-cait]oxyiic acid benzyl ester (mixture of 3 diastereomeis) afibided 2.9 g (98%) of 
the title compound as a white foam. MS m/e (%): 367 (M+H*. 100). 
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Example 63 

Mixture of fRV1-rf1R.2RV and 4hS.2S>-2-rtffl-2-caifaoxv-PvrrolidinB-1-carbonvl1-cvclohexanecaitonvn-Pvrrolid^ 
carboxylicacid 

a) Mixture of fRVl-[f1R.2R)- and [(lS.2S)-a-[fR)-2-bBnzyloxveaitonvl-pffrolidnB-1-cart)onvnKM:lohexan^ 

pyrrolidine-2-carboxvlic acid benzyl 

[01 74] Using General Procedure A wilti 2.0 g (8.2 nmol) D-Proline benzyl ester hydrochloride and 700 mg (4.1 mmol) 
t/'a/7s-cyclohexane-1,2-dicarbQxylic acid afforded, alter f^sh chromatography (EtOAc}, 1.36 g (62%} of the tfUe com- 
pojnd as a colourless oil. MS mie [%]: 547 (M-hH*^, 100). 

b) Mixture o f (m-1-[f1R.2R)- and -K1&2S1-g-rfRV2-caifaa)(v-Dvrrolkjinfr1-carfaonvn-cvcloheixaneearbonvn-pvrroll^ 
g-carboxvlic acid 

[0175] Using General Procedure B with 1.36 g (2.48 mmol) mixture of (R>1-[(1R,2R)-and [(1S,2S)-2-[(R)-2-benzy- 
lQ)cycarbonyl-pyrroIidine-1-cart)onyl]-cyclohexanecart)Onyl]-pyrrolidine-2-cartia)cyllc add benzyl aflbrded 900 mg (99%) 
of the^le compound as a white foam. MSm/b(%]: 367 (M+H^ 100). 

Example 64 

fR)0-rrg.5-Dihvdroxv-^|g-rrro-g-<:aifaow-nvrrtilidin-1-Yn- 2.axo-eth^l-phenyl]^CB^ 

a) fR1-1-rr4-r2-r('RV2-B enzvloxveaibonvl-pvrrolidin-1-vl1-g-oico-ethvl1-2.5<iihvdroxv-oherivl1-acewnHWff 

boxvlic acid faenzvl ester 

[0176] Using General Procedure A with 10.7 g (44.2 mmol] D-Proline henzyl ester hydrochloride and 5.0 g (22.1 
mrrol] 2,5-dihydroxy^1,4-phenylenediacetic acid afforded, after flash chromatography (gradient: 70-100% EtOAc/hex- 
ane), 3. 17g(24%) ofthe title ccrrpound asacolouriess loam. MSm/e(%):601 (M+hr*', 100). 

M fRV1-IT2.5-Dihydraxy-4-[2-[(R)-2-caifao«y-pyrrolidin-1-vn-2-oxo-ethvl)-phenvn-acetvn-Pvnrolidlne-2-ca^^ acid 

[0177] Using General Procedure B with 3.17 g (5.3 mmol) (R)-1-[[4-[2-[(R)-2-Benzyloxycarbonyl-pyrrDlidin-1-yl]-2- 
oxo-ethyO-2,5-dihydroxy-phenyl]-aceiyI]'pyin]lidlne-2-carbaxyllc acid benzyl ester affonded 2.2 g (99%) ofthe title com- 
pound as a white crystalline solid. MS m/e (%): 421 (M-t-hr, 100). Example 65 

(R)-1-rr3-[2-rfRV2-Cart)Qxv-pvrrQlidin-l-vi1-2-o)(o-ethvll-phenvl]-acetvl1-Dvrrolidine-2-carbDxv[ic acid 

fRV1-rr3-r2-rfRV2-Benzvloxvcaifeo nyl-pvriDlidin-1-vl1-2-oxo-Bthvl1-Dhenvll-acetvl|-oyrrolidine-2-carboxylieacid ben- 
zyl astar 

[0178] Using General Procedure A witfi 2.0 g (8.2 mmol) D-Prdine benzyl esteir hydrocHoride and 800 mg (4.1 mmol) 
1,3-phenylenediacetic acid afforded, after flash chromatography (EtOAc), 1.93 g (84%) of thetitie corrpamd as a col- 
ourless oil. MS m/e (%): 586 (M+NH^-^, 100). 569 tfA+H*. 60). 

(R)-1-[I3-f2-[(R)-2-Caffaoxy-pyrrolidin-1-yll-2-oxo-ethvl1-phenvl]-acetyl]-pyrrolidine-2-cait)oxylic acid 

[0179] Using General Procedure B with 1.84 g (3.2 mmo)) (R)-1-[[3-[2-[(R)-2-BBnzyloxyoait)onyl-pyrrolidin-1-y!]-2- 
oxo-ethyl]-phenyq-acetyl]-pyrrolidine-2-cartx)xylic acid benzyl ester afforded 1.21 g (97%) of the title compound as a 
white foam. MS m/e (%): 421 (M+l-t+, 100). 

Example 66 

f RV1 M-f/R^g-Cartjoxv-ovn'olidine-l -carbonvl1-benzovll-pvnrolidine-2-caibQxyllc add 

a^ fff)-1-r4- [(R)-g-BenzTrfaxvcarfaonvl-rwiTolldinB-1-caifaonvl1-benzovl1-PWTdidlne-2-cart)oxvllc acid benzvl ester 

[01 BO] Using General Procedure A with 5.8 g (24. 0 mmol) D-Proline banzyl ester hydrochloride and 2.0 g (1 2.0 mmd) 
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benzene-1 ,4-dioic add afforded, after flash chromatography (EtOAc), 4.66 g (72%) of the title coripound as a yellow oil. 

MS m/e (%): 558 (M+NH4*, 100), 541 (M+H*", 95). 
b) (RV1-f4-f(R)-2-Cart)oxy-pyrrolidine-1-cartipfiylVbenzovn-iwrolidine-2-CT add 

[0181] Using General Procedure B with 4.66 g (8.62 mmol) (R)-H*-KR)-2-Benzyloxycartxjnyl-pyrrolidine-1-CBrt»ny!l- 
t)enzayl]-pyrrolidine-2-carboxyllc acid benzyl ester afforded a05 g (95%) of the title compound as a colourless foam. 
MS tn/e (%): 378 (M+NH4+, 100). 361 (M+H*, 5^. 

Example 67 

f RV1 -[3-rf m-2-Carbo){v-Dvrrolidine-1-carbonvll-benzovfl-pvrrolidgie-2-carboxvllc acid 

a^ fR)-1-[3-f(m-2-Benzvfa xycarbonvl^3yn-olidine-1-cartx3nivn-benzovnHMTolidine-2-c^ acidbenzvl ester 

[0182] Using General Procedure A witli 5.8 g (24.0 mmol) D-Proline benzyl ester hydrochloride and 2.0 g (12.0 mmol) 
benzene-1 ,3-dioic addaffbrded, after flash chromatography (EtOAc), 4.68g (72%) of the title compound as a yellow oil. 

MS m/e (%): 558 (IW+NH4+, 100), 541 (M+H*, 90). 

b) f m-1-r3-lfRV2-CaifaoitVH3wrtilidine-1-cartionvl]-be nzoyl] - pyn-olidina-2-carboiicvlie acid 

[0133] Using General Procedure B with 2.83 g (5.24 mmol) (R)-1 -[3-[(l^-2-Benzyloxycaibonyl-pyrroiidine-1-carbonyl]- 
benzoyl]-pyrrofidine-2-carboxyIic acid benzyl ester afforded 1.9 g (100%) of the title compound as a colourless foam. 
MS m/e (%): 378 (M+NH4+, 100). 351 (M+H+, 35). 

Example 68 

fro-H6-ffm-2-Carboxy-pvn-olidine-1-c a[bonylli3yridine-2K:aifaonvllHwrdidine-2-catbo^ add 

a^ (RV1 -fS-rr R1-2-Benzvloxvcarbonvl-Dvrroiidine-1-carbonvt)-pyridine-2-caitonvll-Dvrrolidine-2-cari30i(vlic acid benzyl 
ester 

[0184] Using General Procedure A with 5.8 g (24.0 mmol) D-Proline benzyl ester hydrochloride and 2.0 g (12.0 mmol) 
pyridine-2,6-dicarbaxyltc acid afforded, after flash chromatography (EtOAc), 5.0 g (77%) of tie title compound as a yel- 
low oil. MS m/e (%): 559 (M+NH4+, 60), 542 (M+H^", 1 00). 

b) (R)-1-f64fR)-2-Carfaoxv-pvrrQlidine-l-carbonvl]-pvridine-2-carbonvll-Dvrrolidine-2-cart>oxvlicadd 

[0185] Using General Procedure B with 3.2 g (5.9 mmol) (R)-1-[6-KR)-2-BenzylQxycarfaonyl-pyrrolidine-1-caft)ony!]- 
pyridine-2-carbonyO-pyrrolidine-2-cart>oxylic acid benzyl ester afbrded 1.9 g (90%) of the title conpourxJ as a white 
foam. MS m/e (%): 379 (M+NH4+, 100). 362 (M+H*, 65). 

ExamolB 69 

(R>-1-f5-rfR)-2-Carboxy-pvrrolidine-1-carbonvn-lhi onhene-2-catoorivn-pvn'olidin&-2-caibaxylie add 

aURV1-r5-rfRV2-Benzvtaxvcerbonvl-pv rrolidinB-1-cartx3nvl^1hioohene-2-carbonvn-pvrrDlidine-2Kiarb^ 

ester 



[0186] Using Geneial Procedure A with 2.0 g (8.2 mmol) D-Pioline benzyl ester hydrochloride and 700 mg (4.1 mmol) 
thiophene-2,5-dicarboxylic acid afforded, after flash chromatography (EtOAc), 1 .84 g (84%) of the title campoLnd as a 
yellow crystalline solid. MS m/e (%):564 (M+NH4+, 70), 547 (M+H+, 100). 

b) f RV1 -rs-ff R^2-Carboxv^3wrolidinB-1 -carbonvl]-thiophene-2-eaifaom^-Dvrrolidine-2-carboxvlic add 

[0187] Using General Procedure B with 1 .84 g (3.3 mmoQ (R)-H5-I(R)-2-benzyloxycarbGnyli3ym3lidine-1-carbonyl]- 
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thiophene-2-carbonylI-pyrrolidine-2-carboxylic acid benzyt ester afforded 770 mg (63%) of the tiOe compound RO-64- 
2667/000 as a white crystalline solid. MS m/e (%): 365 ([M-HJ~, 65). 

Example 70 

fm-1 -r5-rmV2-Carfao){y-cwrolMhe-1-carfaaivt)^ufan-g-caitonyni3VrrolidinB-2-^ acid 

fR)-1-r5-[(R)-2-Benzyloxvcart»nyli>yiTolidlne-1-caitonvn-furan-g-cait»nvr<ayrrdkiinB-2-M add benzvl 

ester 



[0188] Using General Procedute A with 2.0 g (8.2 mmol) D-Proline tienzyl ester hydrochloride and 640 mg (4. 1 mmol) 
furan-2,5-dicaibax^ acid afforded, afterflash chromatography (EtOAc), 1 .7 g (78%) of the title compound as a yellow 
oil. MS m/e 

b) (R)-1-l5-KR)-2-CatooiW'Cvrrolidine-1-carfaonvn-1uran-2-carlx»ivlli3vrrolidine-2-(a^^ arid 

[0189] Using General Procedure B wtth 1 .7 g (3.2 mmol) (R)-1 -[5-[(R)-2-benzyfcixyGattiDnyliDyrTolidine-1 -rattjonyl]- 
furan-2-caibanyl]-pyrrolidine-2-carboxylic add benzyl ester afforded 1.02 g (91%) of tfie title conpound as a white 
foam. MS nVe (%): 351 (M+H*. 100). 

Example 71 

(S)-1 -[6-[(SV2-Carboxv-Dvrrolidin-1 -vl1-6-oxo-hexanoyl]-pyrrolidine-2-ca[faoxylic acid 

fS)-1-f6-rfSV2-Benzvloxvcarfaonvl-pvrrolidin-1-vn-6-oxo-hexanovn-Dvrrolrdine-2-cartioxvlic acid benzvl ester 

[0190] UsingGenerai Procedure A with 1.0g (4.1 mmol) L-Prdlne benzyl ester hydrochloride and 300 mg (2.1 mmol) 
adipic acid afforded, after flash chromatography (EtOAc), 1 .07 g (100%) of the title corrpound as a colourless oil. MS 
m/e(%):521 (IWU-HMOO). 

b) (S)-1-[6-rfS1-g-Caifaoxv-Dvrrolidin-1-yl]-6-0KO-hBxanovl1-c)vrrolidine-2-carbQ)cvlic acid 

[0191 ] Using General Procedure B with 1 .07 g (2.1 mmd) (S)-1-[6-[(S)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-6-oxo- 
hexanoyq-pyrolidine-2-carboxylic acid benzyl ester afforded 609 mg (87%) of the title compound as a white crystalline 
solid. MS [tVe (%): 341 (M+H^ 100). 

Example 72 

fSV1-rt4-r2-rfSV2-Caitoxv-pvrrolidin-1-vl]-2-oxo-ethyl]-phenvl1-acetvl1-Pvrrolfdine-2-cafboxvllcacld 

a) fS)-1-[f4-[24fSV2-BenzvloxvearbonvlH3vn-olidin-1-yn-2H3xo-ethyn-pP)ffTyl1-aceM1-Dvrrolidine-2-carbo^ 
ester 

10192] Using General ProcedireAwith 1.0 g (4.1 mmol)L-PrDlinebonzylesterhydrochilorideand400mg(2.1 mmol) 
1 ,4-phenylenediacetic acid afforded, afterflash chromatography (EtOAc), 1.07 g (91%) of the title compound as a col- 
ourless oil. MS m/e (%): 586 (MfNH4+, 100). 569 (M+H*, 97]. 

h) (S)-1-ff4-r2-rfSV2-Cart30xv-Dvrrolidin-1-vl1-2-oxo-ethvl1-Dhenvn-ace1vl1-Dvrrolidine-2-carfaoxv1ic acid 

[0193] Using General Procedure B with 1 fl7 g (1 .88 mmol) (S)-1 -[[4-[2-[(S)-2-ben2yloxycartaonyl-pynx)lidin- 1 -yl]-2- 
Qxo-ethyq-phBnyQ-acetyq-pyrrolidine-2-caibQxylic acid benzyl ester afforded 410 mg (56%) of the title compound as a 
while crystalline solid. MS m/e (%}: 389 (M4-H^ 100). 
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Example 73 

(S)-1 ■[r2-[a-[fS>-g-Carboxy-pvrroli{fin-1 •vn-g-<>xo-Bthoxy)-phenoiey[-acetyn-Dvrtelidine-g-carfaoxvlic acid 

5 a) fS)-1-[[2-f2-[fS)-2-Benzv1cocvcarbonvl-pvn-olidin-l-vl]-2-oxo-elhoxY ]- phenoyy1-aceWn-Dwrolidirie-2-carbDW^ acid 
benzyl ester 

[0194] Using General Procedure A with 1 .0 g (4.1 mmol) L-Proline benzyl ester hydrochloride and 790 mg (2.1 mmol) 
1,2-phenylenedioxyacetic acid afforded, after flash chromatography (EtOAc), 1.08 g (87%) of the title compound as a 
10 coloiFless al. MS m/e (%): 601 (M+ht^. 100). 

b) (SS1-ffg-[g-[(S)-2-Cart»xv^jyrrolidinO-yl1-g-oxo^hoxy|-phenaxy]-acetvlVDvrrolidine-2-carbox^ 

[01 95] Using General Procedure B with 1 .03 g (1 .8 mmol) (S)-l-p-[2-[(S)-2-Benzyloxycart)onyl-pyrroIidin-1 -yl]-2-oxo- 
15 ethoxy]-phenoxy]-acetyl]'pyrrolidine-2-carboxyllc acid benzyl ester afforded 717 mg (95%) of tfie tHie compound as a 
while crystaline solid. MS m/e (%): 421 (M+H+, 100). 

Example 74 

20 fffl-1-rr4-rg-rfRl-2-Carbaxv-pmolidin-1-vl]-2-axo-etwn-naDhthalen-1-vl1-acet»ll-Dvrrolid^ acM 

2-Diazo-1-f4-diazoacertyl-napfTthalen-1-y[)-BttT3nnn6 

[0196] To a stirred solution of 3.0 g (13.9 mmol) naphthalene-l,4-dicarbQxylic acid and 4.4 ml (30.6 mmol) trlethyl- 
2s amine in 200 ml THF at-15 °C was added dropwise 2.9 ml (30.6 mmol) ethyl chlorofomialB. After stiring for 15 min, 250 
m (approK. 0.3 M, aj:^rax. 75 mnroi) of an ethereal solution of diazonetti arte was added at 0 "C and stirring continued 
for 16 fi at room temperafura Tfie reaction mixture was then washed sequentially with saturated sodium bicarbonate 
solution, saturated ammonium chloride solution and finally with saturated brine, and the aqueous phases back- 
extracted with ether. The combined organic extracts were dried over magnesium sulphate and concentrated In vacuo, 
so Flash chiromatography (gradient: 15-50% EtOAc/hexane) afforded 450 mg (12%) of thetitie compound as a yellow crys- 
talline solid. MS nVe (%): 323 (|VI+OAcr, 100). 

tii f4-Cafaoxvmetfivl-naDhlhalen-1-vlVacetic acid 

35 [0197] To a sfrred solufion of 450 mg (1.7 mmol) 2-diazo-1-(4-diazoacetyl-naphtfialen-1-yl]-ethanone in 20 ml THF 

at -20 "C were added sequentially in the dark 1 .5 ml water, 85 ng (375 mmol) silver benzoate (0.22 equiv.) and 687 ml 
(4.9 mmol) triettiylamine (2.9 equiv.) and stirring continued for 2 h al room temperature. The reaction mixture was then 
diluted with 100 ml ether and extracted twice with saturated sodium bicarbonate solution. The combined aqueous 
phases were extracted three times with ether, then acidified with concentrated hydochloric acid and extracted a furtfier 
40 three times with ether. The latter organic extracts were combined and dried over sodium sulphate and concentrated in 
vacuo to afford 330 mg (80%) of the title compomd as a yellow crystalline solid. MS nVe (%): 244 (M^ 100), 199 (M- 
CO2H, 80). 

c) (R)-1 -[[4-[2-[(R)-2-Benzvlc3Xvcarbonvl-Dvrrolidin-1 -v[l-2-oxo-ethvl}-naDhthalen-1 -vl1-acetvll-Dvrrolidine-2-carboxvllc 
45 add benzyl ester 

[0198] Using General Procedure A with 200 mg (0.82 mmol) D-Proline benzyl ester hydrochloride and 100 mg (0.41 
mmol) (4-cart}axymethyl-naphthalen-1-yl)-acetic acid afforded, after flash chromatography (EtOAc), 188 mg (75%) of 
the title compound as acdourless oil. MS nVe (%): 636 (M+NH4+, 100), 619 (M+H+, 75). 

so 

d) (R)-1-f|'4-f2-ffR)-g-Garboxv-ovrrolidin-1-vl1-2-oxo-ettivl1-naDhthalen-1-vl1-acetvn-Pvrrolidine-2-carfaoxvlic add 

[0199] Using General Procedure B with 130 mg (0.21 mmol) (R)-1-p-[2-[(R)-2-benzyloxycarbonyl-pyrrDlidin-1-y13-2- 
oxo-ethyl]-naphthalen-1-yl]-acetyO-pyrrolidine-2-carboxylic acid benzyl esiB' afforded 79 mg (86%) of the title com- 
55 pound as a white crystalline solid. MS rrVe (%): 437 ([M-H]', 100). 
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Example 75 

fm-1-fr6424fm-2-Carboi)w-fwnolidin-1^fn-2-oxo-ethvl1<>vridin-g^^l1-acBt^ 

B (6-Cvanomahvt-pvridin-2-vfl-acetanitrile 

[0200] To a stirred solution of 3.47 g (13.1 mmol) 2,6-bis(bromom6thy1)pyridine In 50 ml dlchloromethane was added 
dropwise a solution of 4.1 g (26.2 mmol) tetraethylammonium cyanide in 20 ml dlchloromethane and the reaction mix- 
ture then heated at 45 "c for 72 h. The reaction n^xture was then cooled to room temperature and filtered. The filtrate 
10 was concentrated in vacuo, resuspended in ethyl acetate, filtered once again, and the second filtrate concentrated In 
vasuo. Flash chromatography (33% EtOAc/hexane) afforded 1 .77 g (84%) of the title compound as a white crystalline 
solid. MS mie (%): 1 57 (M', 1W), 130 (tM-HCNT. 95), 90 (55). 

b) (6-Carfaoxymelhyl-pyridin-2-yl>-acetic acid 

IS 

[0201] A solution of 3.0 g (19.1 mmol) (6-cyananethyl-pyrldin-2-yl)-ace*Dnitrile in 30 ml concentrated hydrochloric 
acid was heated at 100 °C for 24 h. The reaction mixture was then cooled to room tenperature and concentrated In 
vacuo. The readue was rediseolved in water, activated charcoal added, and the mixture heated at 50 "C tot 30 min. 
After removal of the charcoal by filtratian, the filtrate was concentrated in vacuo and the residue recrystalllsed from 
zo water at 4 °Cto afford 2.48 g (100%) of the title ccnpound as an ofF'Whiie crystalline solid. H NMR d (250 MHz, D^) 
8.42 (1 H, t, J = 8 Hz), 7.80 (2H, d, J = 8 Hz). 

c1 f R}-1 -[[6-^-[{R)-2-Banzyloxvcarbonvl-pvnrQlidin'1 >yl]-2-oxo-6ihyq-pyrrdin-2-vn-aeetvl ]-pvrrolidine-2-carboxylic ac'ri 
benzyl ester 

2S 

[0202] Using General Procedure A with 9.7 g (40 mmol) D-Prollne benzyl ester hydrocHoride and 3.9 g (20 mmol) (6- 
carboxyniethyli3yridln-2-yl)-ac^lc acid afforded, after flash chromatography (gradient: 0-10% MeOH/EtOAc], 890 mg 
(8%) of the title compound as a yellow oil. MS m/e (%): 570 (M+H^ 100). 

30 d) fRV1-rT6-r2-rfro-2-Carfaoxv-ovn-oiidin-1-vl]-2-oxo-Bthvn<ivr!din-2-vn-acetvl1-Dvrrolldine-g-carfaaxvlic acid 

10203] Using General Procedure B with 890 mg (1 .56 mmol) (R)-1 -II6-[2-[(R)-2-benzyloxycart)onyl-pyrrolidin-1 -y^■2• 
OKo-ethy|]-pyridin-2-y[]-acetyl]-pyrrolldine-2-caiboxylic acid benzyl ester afforded 410 mg (67%) of the title compound 
as a yellow crystalline sdid. MS mIe (%): 390 (M+H'^, 100). 

35 

Example 76 

fm-1-rr5-f24fm-g-Car boxy-pyrrolidin-1-yn-g-oxo-ethyq^hlophBn-2-vn-acrtyl]-pvnT3lldine-2-cqr^ 

40 a) 2.5-Bls-chtorome!thvHhiephBnB 

IQ204] To 63.4 ml of a 37% aqueous solution of formaldefiyde was added dropwise with Ice-cooling 1 5.3 ml of con- 
centrated hydrocHorlc acid and then 20 ml (0.25 mol) tHophene was added dropwise and stirring continued for 90 min 
at room terrperature. The reaction mixtire was then extracted with ether and the organic phases washed sequentially 
45 with water, saturated sodium bicarbonate solution and finally with saturated brine. The aqueous phases were back- 
extracted with ether and the combined organic extracts were dried over sodium sulphate and concentrated in vacuo to 
afford 38,8 g (85%) of the title compound RO-54-4463/000 as an amber-coloured oil. MS m/e (%); 184 (M*-, 8). 1 82 {M+, 
15), 180 (M*, 24), 147 ([M-CO*. 'W), 145 {[M-O]*. 100). 110 (64). 

SB bj {5-Cvanomethvl-thioDhen-2-vH-acetonilrile 

[0205] To a stirred solution of 1 5 g (82.8 mmol) 2,5-bis-chloromethyl-thiDphene in 500 ml dlchloromethane was added 
dropwise a solution of 28.5 g (182 mmol) tetraethylammonium cyanide in 100 ml dlchloromethane and the reaction mix- 
ture then heated at 45 °Cfor 24 h. The reaction mixture was then cooled to room terrperature and washed twice with 
ss water. The organic phase was dried over sodium sulphate and concentrated in vacuo. Rash chromatogr^hy (20% 
EtOAc/hexane) afforded 4.88 g (36%) of the title compound as a yellow oil. MS nVe (%): 162 (M^, 44), 122 ([M- 
CH2CNI+, 100). 
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c) (5-CarboxymethyHhioDhen-2-vlVacetic add 

To a stirred solution of 1.2 g (7.4 mmol) (5-cyanomelhyrt-thiophien-2-yl)-acetonitrile In 5 ml ethanol and 5 ml 
water was added 1 .74 g (31 .8 mmol) potassium hydroxide and the reactian mixture heated at 100 "C for 1 h. The reac- 
tion mixture was then cooled to room tsmperalure and concentrated in vacua The residue was addffied with hydrochlo- 
ric acid and extracted with three times with ether. The combin ed organic phases were dried over magnesium sulphate 
and concentrated in vacuo to afford 1.3 g (88%) of the title compound as a brawn crystalline solid. MS m/e (%): 221 
CEIW+Na-H]-, 50). 1 99 ([M-H]-, 45). 155 ([M-OOjH]-. 100). 

d) (RV1-rfS-r2-[fRV2-tert-ButQxvcatbonvl-pvirolidin-1-vl l-2-QKO-ethyq^hiophen-2-yn-ace<yq-pyrroll^ 
acid tert-butvl ester 

f0207] Using General Procedure Awith 2.23 g (13 mmol) D-Prollne benzyl ester hydrochloride and 1.3 g (6.5 mmol) 
(5^rboxymethyl-thiophen-2-yl)-acetlc acid afforded, after flash chromatography (gradient: 0-10% MeOH/EtOAc), 2.6 
g (79%) of the title compound as a yeJlow oil. MS m/e (%) : 524 (M4NH4+. 90). 507 {M^, 10). 451 ([M+H-C^Hd*, 30). 

395 ([M-I-H-2C4H8]*, 100). 

e) f RV1 -[[5-12 -rmVg-CarboxvH3vrrolidln-1-vl1-2-oxo-ethyl]-thiophen-2-vn-acetvn-Dvn-olidlne-2-catfaox\flic acid 

10208] UsingGeneral Procedure B with 600 mg (1.1 8 mmol) (R)-1-[[5-[2-[(R)-2-tert-ButQxycarbonyl-pynT3lidin-1-yl]-2- 
CKO-ethyl]^iophen-2-yl]-acety]]-pyrrolidine-2-carboxylic acid tert-butyl ester afforded 100 mg (21%) of the title com- 
pound as a beige crystalline solid. MS m/e (%): 395 (M+H^ 100). 

Exanxjle 77 

(R)-1-[f2R.5S)-6-r(q}-2-Carbaxv-pvrrolidin-1-vl1-2.5-dimethoxy-&oxo-hexanovl1-pvn-o!idne-2-carboxvlicacid 

a) (3R.SS)-3.6-Dlmethoxy-eyclohe)(Bne 

[0209] Lit. J. Org, Chem. 1988, 53, 5695. To a stirred solution of 0.70 g (3.1 mmol) palladium acetate, 16.9 g (156 
mmol) bonzoquinone arxJ 0.4 ml (6.2 mmol) methanesulphonic acid in 200 ml methanol at room temperature was 
added via syringe pump over 4 h a solution of 5.95 ml (62 mmol) T ,3-cyclohexadiene in 5 ml methanol, and stirring con- 
tinued for an additional 16 h. The reaction mixture was extracted three times with ether and the combined organic 
extracts washed successively with water. 2 M sodium h^ioxlde solution and s^rated brine. The organic phases were 
dried ever sodium sulphate and concentrated in vacuo. Kugelrohr disfillation (6 mbar, oven temp 1 20 'C) afforded 5.42 
g (61%) of the title connpound as a colourless oil. '<H l>Ai1R d (250 MHz, CDCI3) 5.92 (2H, s). 3.70 (2H, t. J = 5 Hz), 3.37 
(6H, s), 1.90-1.65 (4H, m). 

b) (2R,5S)-2.5-Dimethoxv-h6xanedioic acid 

[0210] Ut. J. Am. Chem. Soc 1983, 105, 5688. To a stirred solutian of 5.0 g (35.2 mmol) (3R,6S)-S,6-dimethQKy- 
cydohexene in 120 ml acetone and 120 ml water were added 37.6 g (176 mmol) sodium periodate and 50 mg (0.24 
mmdO ruthenium (III) chloride and stiring confined for 16 h at roomtemperatura 5 ml isopropanol was added and stir- 
ring continued for 30 min, then the reaction mixture filtered and the filtrate concentrated in vacuo to half-volume. 5 g 

sodium bicarbonate was then added portionwise, and the mixture extracted three times with ethyl acetate. The com- 
bined organic phases were washed with saturated brine, dried over sodium sulphate, and concentrated in vacuo to 
afford 1.0 g (14%) of the tide compound as an orange oil. MS m/e (%): 205 (jM-H]', 100). 

c^ mvi -rf 2R.5SV6-ffRV2-taenzvloxvcaifaonvl-Dvrrolidin-1 -vIl-2.5-dimethoxy-6<«o-hexanovn-Dvn-olidine-2-catboxvlic 
acid benzyl ester 

[0211] Using General Procedure A with 1.51 g (6.2 mmol) D-Proline benzyl ester hydrochloride and 643 mg (3. 1 
mmol) (2R,5S)-2,5-Dimethoxy-hexanedioic acid afforded, after flash chromatography (gradient: 10-100% EtOAc/hex- 
ane then 10% MeOH/EtOAc), 643 mg (36%) of the fide compound as a yelkw oil. MS nVe {%): 581 {M+ H+, 100). 

d) fR^1-rf2R.5a-6-ffRV2-CaifaQxv-Dvrrolldln-1-vll-2.5-dimBthoixy-6-oxo-he!xanoyll-pyrrolldne-2-carboxvlicadd 

[0212] Using General Procedure B widi 640 mg (1.10 mmoO (R)-1-t(2R,5S)-6-[(R)-2-benzyloxycarbonyl-pyrrolidin-1- 
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yl]-2,5-dimethoxy-6-oxo-hexanoyIJ-p)Troltdine-2-carbQxylic acid bonzyl ester afforded 440 mg (100%) of tfie title com- 
pound as a yeiiow solid. MS m/e (%): 399 [M-H]~, 100). 

Example 78 

5 

f RM -rf2S.5S)- or -^f2Fl5l^-B-^m^g-Hvdra)cvmeth^rt-Dvrroiidin-1-y^■2■5■c^lfnB^t^oxv-6^oxQ-h(«anovl1-Dvr 

boxvllc acid 

a) Acetic acid f1 RS.4RSV4-acetoxv-cvdohex-2-envl ester 

10 

[0213] Ut J. Org. Chem. 1984, 49, 4619. To a stirred sdution of 2.8 g (12.5 mmol) palladiuin acetate, 27.2 g (267 
mmol) lithium acetate, and 7.64 g (70.7 mmol] benzoquinone in 200 mi acetic acid at room temperature were added 
26.1 g (300 mmol] manganese dioxide and asoiution of 23.8 mi (250 mmoQ 1,3-cydohexadienein400 ml pentane, and 
stin-ing continued for16 fi. The two-phase reaction mixture was separated and the acetic acid phase extracted twice 

15 with pentane. The combined organic extracts were washed successively with saturated brine, water, and 2 M sodium 
hydroxide solution, then the organic phases were dried over sodium sulphate and concentrated in vacuo. Recrystalli- 
sation from pentane afforded 16.1 g (33%) of the title compound as an off-white crystallhe solid. MS m/e (%): 138 ([M- 
AcOH]*. 8), 96 ([M-AcOH-COCHg]-', 100), 43 (40). 

so f1RS.4RS\-Cvclohex-2-ene-1.4-dloi 

[0214] Ut. J. Org. Chem. 1984, 49, 4619. To astirred solution of 19.8 g (99.8 mmol) acetic acid (1RS,4RS)-4-acetDxy- 
cydohex-2-eny[ ester in 500 ml methanol was added 120 ml 2 M sodium hydroxide solution and the reaction mixture 
refluxed for 15 min. After cooling to room temperature, the reaction mixture was concentrated in vacuo to 100 ml, and 
ss then saturated with sodium hydroxide pellets. The mixture was extracted repeatedly with ethyl acetate and the com- 
bined organic phases dried over sodium sulphate and concentrated in vacuo to afford 10.2 g (90%) of the title com- 
pound as an of-white crystalline solid. MS m/e (%): 1 13 QM-H]'^, 13), 96 ([M-Hsp]'*', 36), 70 ISfA-Hfi=CHOHi\ 100). 

c) <3RS.6RS1-3.6-Dimethoxy-cvclohaxenq 

30 

[0215] Lit. J. Org. Chem. 1988, 53, 5695. To 14.3 g (328 mmol) sodium hydride (55% dispersion In oil) was added 
dropwise at0°C with sfin-ing a solution of 10.1 g(88.5 mmol) (1RS,4RS)-cyclohex-2-ene-1,4-diol In 100 ml THF34 ml 
(546 mmol) methyl iodide was then added and stimng continued for an additional 48 h at room temperature. The reac- 
tion was quenched with saturated ammonium chloride solufion and extracted with ether. The contxned organic extracts 
35 were washed successively with saturated ammonium chloride solution and safcjrated brine^ dried over sodium sulphate, 
and concentrated in vacuo to afford 1 1 .5 g (91%) of the title compound as a yellow oil. NMR d (250 MHz, CDOs) 
5.90 (ZH, s), 3.82 (2H, brt), 3.37 (BH, s), 2.10 (2H, m), 1.51 (2H. m). 

d) (2RS.5RSl-2.5-Dimethoxv-hexanedioic acid 

40 

[0216] To a stin-ed solution of 5.0 g (42.2 mmol) (3RS,6RS)-3.6-dimethoxy-cyclohexane in 140 ml acetone and 140 
ml water were added 50.5 g (236 mmol) sodium periodate and 67 mg (0.32 mmot) ruthenium (III) chloride and stirring 
confined 1or16 hat room temperature. 10 ml isopropanoi was added and stirring continued for 30 min, then the reaction 
mixture filtered and the titrate concentrated in vacuo to half-volume. 5 g sodium bicarbonate was then added portion- 
4S wise, and the mixture extracted three times with ether. The aqueous phase was acidified with 25% hydrochloric acid 
and extracted repeatedly with ethyl acetate. The corrbined organic phases were dried over sodium sulphate, and con- 
centrated in vacuo to afford 1 .32 g (15%) of the title compound RO-64-5650/000 as an orange oil. Continuous extraction 
of the aqueous phase over 48 h afforded another 608 mg (7%) of product. IWS m/e (%): 161 ([M-COgH]*, 20), 113 
(58)..101 (69), 85(50), 71 (100). 

so 

e) fRV1-r(gS.5S1- or ■[f2R.5m-6-rfR)-2-Benzvloxvmelhyl-pvrrordln-1-vll-2.5-cimethoxv-6-oxo-hexanovll-Dvrroiidine-2- 
carboxylic add benzyl and rRV1-rf2R.5RV or [f2S.53)-6-r(R)-2-Benzyloxymethvl-Dvnolidin-1-yl]-2.5dim&thoxv-6.oxo- 

hexanQvll-pvrfolidine-2-carboxvlic acid benzvl 

55 [0217] Using General Procedure A with 1 .67 g (6.9 mmol) D-Proline benzyl ester hydrochloride and 250 mg (1.2 
mmol) (2RS,5RS)-2,5-dimethoxy-hexanedioic acid afforded, after flash chrranatography (gradient: 50-100% 
EtOAc/hexane then 10% MeOH/EtDAc). 95 mg (13%) of the title compound (mixture of 2 diastereomers) as a brown 
oil, and 172 mg (24%) of the title compound (single separated dia^ereomer) as a yellow oil. MS m/e (%): 581 {M+ H+, 
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100). 

flfR^1-rfgS.5SVor-ff2R 5m-6-rmVg-Hvdroxvmeth\^-pvrrolidln-1-vn-2.5KjimBlhoxv-6-oxo-ht>^ 
boxytic acid 

[0218] Using General Procedure B wHh 160 mg (0.28 mmol) (R)-1-[(2R.5R)- or [(2S,5S)-6-[(R)-2-benzyloxyniethyl- 
pyrrolidin-l-yf]-2,5-dimethoxy-6-Qxo-h6xanoyl]-pyriolidine-2-carboxylic acid benzyl afforded 90 mg (82%) of the title 
compound asa white foam. MS m/e (%): 399 ([M-Hr.lOO), 355 ([M-H-CO^', 61). 

Exarrple79 

f R)-1 ■r(2R.5m- or -ff 2S.5S1-6- [f RVa-HydroxymBthyl-pynolidin-l -vn-2.5-dimelhoxv-6-OKO-hexanovl]-pyiTolidine-g-car- 
boKvlic acid 

[0219] Using General Procedure B with 95 mg (0.28 mmol) (R)-1-[(2S.5S)- or - [(2R,5R)-6-[(R)-2-benzy|oxymethyl- 
pyrrolldln-1-yri-2,5-dimetho)(y-6-0!co-hexanoyll-pyrrolidine-2-carb(»tylic acid benzyl affaded 70 mg (100%) ol the title 
compound as a white foam. MS m/e (%): 399 (|M-HJ-, 100), 355 ([M-H-CO^-.SO). 

Example M 

fRV1-r2.5-Dlbenzvl-6-[(Rl-2-cart]oxv- Dvrrolidin-1-vl1-6-oxo-hexanovll-pvrrolidinB-2-cari30Xvlic acid fmlxture of 3 diaster- 
eomers) 

ai ) H/llxture of fE1-f 2R.5S1- aid -f2RS.5SR>-2.5-dibonzvl-hax-3-enediolc acid diethyl ester 

[0220] To astirred solution of 688 mg (3.44 mmol) trans- 2-butene-1 ,4-dicartx)xylic acid diettiyl ester in 35 ml THF was 
added 1 .46 g (34.4 mmol) anhydrous lithium chloride and the resulting suspension cooled to -78 'C. 3.44 ml (6.88 
mmol) of a 2 M solution of LDA in THF was added drapwise and stirlng continued for 45 min. 0.82 ml (6.9 mmol) benzyl 
bromide was then added and stirring continued for 1 hat-78*Cand 10 rain at 0 °C. The reaction was quenched at this 
temperature by addition of saturated ammonium chloride solution and the mixture extracted three times wHh ether. The 
combined organic phases were washed with saturated brine, dried over sodium sulphate, and concentrated in vacuo. 
Flash chromatography (5% EtOAc In hexane) afforded 927 mg (71%) of the title compotfid as a yellow oil. MS m/e (%) : 
398 ([M+NHt]*, ^00). 

ti\ Mixture of m^fgR SS)- and -f2RS.5SR^-2.5-dlbenzYl-hex^-enedioie 

[0221 ] To a stirred solution of 200 mg (0.53 mmol) mixture of (E)-(2R,5S)- and - (2RS,5SR)-2,5-dibenzyl-hex-3-ene- 
dioic acid diethyl ester in 5 ml THF was added 4.3 ml (4.3 mmol) of 1 M sodium hydroxide solution. After stirring for 68 
h at room temperature, the reaction mixture was acidified to pH 3 by addition of 1 M hydrochloric acid and extracted 
three times with ethyl acetate. The combined organic phases were washed successively with water and with saturated 
brine, dried over sodium sulphate, and concentrated in vacuo. Rash chromatography (50% EtOAc h hexane containing 
1%AcOh1)afbrded 127mg(74%] ofthetiiie compound as a white crysiallvie solid. MSm/e(%):342([M+NH4]^ 100). 

c^ fEVfRV1-[2.5-Dibenzyl-6^rfRV2-be nz^oxvcarfaonvl-avrrolidin-1-vn-6-Qxo-hex-3-enovlVpvrrolidine-2-cartMxvncacid 
benz>rf ester fmixture of 3 diastereomers^ 

[0222] Using General Procedure A with 1 .04 g (4.30 mmol) D-Proline benzyl ester hydrochloride and 700 mg (2.16 
mmol) mixture of (E)-(2R.5S)- and -(2RS,5SR)-2,5-dibenzy!-hex-3Henedioic acid diethyl ester affoided, after flash chro- 
matography (5% MeOH in EtOAc). 926 mg (61%) of the title compound as a yellow oil. MS m/e (%): 716 (M+NH4*, 100). 
699 (M+H+. 85). 

d1 f RV 1 ■r2.5-Dlbenzvf-6-ff R^2-earboxv-io yrrolidin-1 -vn-B-oxo-hexantyn-atfnTindine-2-caifaoxvlfc add fmlxture of 3 dias- 
tereomersl 

[0223] Using General Procedure B with 926 mg (1 .33 mmol) (E)-{R)-1-[2,5-dihenzyl-6-[(R)-2-benzyloxycarbonyl-pyr- 
rolidin-1 -yl]-6-oxo-hex-3-enoyl]-pyrrolidtne-2-carboxylic add benzyl ester (mixture of 3 diastereomers) afforded 610 mg 
(89%) of the title compound as a white crystalline solid. MS m/e(%):519([M-H]~, 100). 
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Examale 81 

m^1-r2.5-Dibutvl-64fRV2-carboxvwrolidin-1-vl1-6-oxo-he)(anovllH3yn-didine-2-cartao^ acid fl out of 3 possible 

diastereomers) 

B 

a) Mixtueof fEM2R.5S>- and -f2RS.5Sm-2.5-dbutyl-hex-3'enedioic add diethyl eslar 

[0224] To a stirred solution of 2.0 g (9.99 mmol) t/ans-2-butene-l ,4-dicait)0xylic acid diethiyl ester in 80 ml THF was 
added 2.54 g (59.9 mmol) anhydrous lithium chlcride and the resulting suspension cooled to -78 "C 10.0 ml (20.0 

10 mmol) of a 2 M solution of LDA In THF was added drcpwise and stirring continued for 45 min. 2.2 ml (20.4 mmol) butyl 
bromide was then added and stirring continued for 15 min at -78 °C, then 30 min at 0 °C, and then 4 h at room temper- 
ature. The reaction was quenched by addition of saturated ammonium chloride solution and the mixture extracted three 
times with ether. The combined organic phases were washed successively urith saturated ammonium chloride solution, 
water, and saturated brine, dried over sodium sulphate, and concentrated in vacuo. Successive flash chromatography 

K (10% EtOAc in hexane for first colimn; then gradient: 10-1 00% toluene in cyclohexane tor second column) aflbrded 509 
mg (1 6%) of the title compound as a yellow oil. MS m/e (%): 330 ([fi/l+NH J+, 1 00). 

b1 MixtLjre of fB-r2R.5SV and -f2RS.5SRV2.5-dibutvl-hex-3-enediolc acid 

20 [0225] To a Stirred solution of 435 mg (1 .39 mmol] mixture of (E)-(2R,5S]- and • (2RS,5SR]-2,SKjibu1yl-hex-3-enedtaic 
acid diethyl est» in 10 ml THF was added 26 mi (26 mmol) of 1 M sodium hydroxide solution. After stirring for 72 hat 
room temperature, Ihe reaclion mixture was acidified to pH 3 by addition of 1 M hydrochloric acid and attracted three 
times witfi ethyl acetate. The combined organic phases were washed successively with water and with saturated brine, 
dried over sodium sulphate, and concentrated In vacuo to afford 346 mg (97%) of the title compomd as a white crys- 

2S tallinesolid.MSm/e(%):255([M-H]-,60),211 ([M-H-COJ'. 100). 

c) fEVfR)-1-[2,5-Dibutvl-6-[(R)-2-benzyloxycarbonvl-ovrrolidin-1-vn-6-oxo-hex-3-enovl]-pvrrolidine-2-carboxvlic acid 
benzvl eater fmixtur e of 2 out of 3 possible diastereomers) and (E)-(Ri)-1-[2.5-Dibuty!-6-rm)-g4iBnzvlaxvcarborwl-pyr- 
rolidin-1-vl1-6-oxD-hex-3-enovl1-pv milidine-2-carboxvlic acid benzyl ester (principallv 1 nut of 3 possible diasterBopiqf^) 

[0226] Using General Procedure A with 653 mg (2.70 mmol) D-Proline benzyl ester hydrochloride and 346 mg (1 .35 
mmol) mixture of (E)-(2R,SS)- and -(2RS,5Sf^-2,5-dibutyI-hex-3-enedioic acid afforded, after flash chromatogr^hy 
(gradient: 33-50% EtOAc in hexane), 148 mg (17%) of the title compnund RO-64-3271/000 (mixture of 2 diastereom- 
ers) as a yellow oil and 116 mg (14%) of the title compound (single diastereomer) as a yellow oil. MS m/e (%): 648 
SS (M+NH4+, 90), 631 (M+H*, 100). 

d) (R)-1-[2.5-Dibutyl-6-rmV2-caifaoxv-Dvnrolidin-1-vIl-6-oixo-hexanoyl]-pyiTolidine-2-carboxvlicacid fl out of 3 possible 
diastereomers'i 

« [0227] Using General Procedure B with 140 mg (0.22 mmol) (E)-(R)-1-[2,5-dibutyl-6-[(R)-2-benzyloxycarbonyl-pyrro- 
lidin-1-yl]-6-oxo-hex-3-enoyl]-pyn-olidine-2-carboxylic acid benzyl ester (prtncpally 1 out of 3 possible diastereomers) 
afforded 8 1 mg (81%) of the ttHe compound RO-64'3 273/000 (single diastereomer) as a colourless oil. MS m/e (%): 451 
([M-H]-, 100). 

45 Example 82 

f RV1-r2.5-Dibutvl-6-rf R^2-caifaoxv-Pvrrolldin-1-vl]- 6^o-hexanoyn - pyfrolldlne-2-carfaoxylic acid fmixtue of 2 out of 3 
possible diastereomers) 

so [0228] Using General Procedure B with 110 mg (0.22 mmol) (E)-(R)-1-[2,5-dbutyI-6-[(R)-2-benzyloxycarbonyl-pyrro- 
Iidin-1 -yl]-6-oxo-hex-3-enoyl]-pynvlidine-2-caitX3xylic acid benzyl ester (mixture of 2 out of 3 possible diastereomers) 
afforded 69 mg (88%) of the title compound (2 dastereomers) as a colourless oil. MS m/e (%): 451 ([M-H]', 100). 



55 



57 



EP 0 915 088 A1 



Example 83 

(R)-l-r2.5-Diisopfopyl-6-rfRV2-cartx3XVH3viTolidin-1-vn-€-oxo-heranovl]-pvrro acid fmixlure of 3 dias- 

tereomers) 

a^ Mixture of fE)-f2R.5S)- and -f2RS.5Sro-2.5-diiBooroDvl-hex-3-enedlolc add diethyl ester 

[0229] To a stirred solution of 5.0 g (25.0 mmol) frans-2-butene-1 ,4-dicait)oxylic acid diethyl ester in 120 ml THf was 
added 6.35 g (1 50 mmol) anhydrous lithium chloride and the resulting suspension cooled to -78 "C. 25.0 ml (50.0 mmol) 
of a 2 M solution of LDAin THF was added dropwise and stirring continued for 45 rain. 4.7 ml (50 mmol) isc^ropyl bro- 
mide was then added and stirring continued for 15 min at -78 °C, then 4 h at 0 °C, and then 48 h at room temperatire. 
The reaction was quenched by addition of saturated ammonium chloride solution and the mixture extracted flree times 
with ether. The confined organic phases were washed successively with saturated ammonium dilcride solution, water, 
and saturated brine, dried over sodium sulphate, and concentrated in vacuo. Successive flash chromatography (20% 
EtOAc in hexane for first column; 5% EtOAc in hexane for second column; 10% EtOAc in hexane for third column) 
afforded 259 mg (4%) of the title compound as a yellow oil. MS m/e (%): 302 ([M+NH^]* 100). 

h) Mixture of fEVr2R.5SV and -(2RS.5SRV2.5-diisopropvl-hex-3-enedioic 

[0230] To a stin-ed solution of 108 mg (0.38 mmol) mixture of (E)-(2R,5S)- and -(2RS,5SR)-2,5-diiscprapyl-hex-3-ene- 
dioic acid diethyl ester in 5 ml THF was added 1 0 ml (1 0 mmol) of 1 M sodium hydroxide soluf on. After stirring for 96 h 
at room temperature, the reaction mixture was acidified to pH 3 by addHion of 1 M hydrochloric acid and extracted three 
times with ethyl acetate. The combined organic phases were washed successively with water and with saturated brine, 
dried over sodium sulphate, and concentrated In vaojo to afford 70 mg (81%) of the title confound as a yellcw oil. MS 
m/e(%):227([M-H]-, 100). 

c) fEVm)-1-r2.5-Dlisopropyl-6- [(R)-2-befTzvloxvcarfaonvi-iwnr)lidin-1-vn-6<)xo-hex-3-Bnovl1-Dvrrolidine-2^^ 
acid benzyl estar {nfiixture of the a riia stereomerB) 

[0231] Using General Procedure A with 1 14 mg (0.47 mmol) D-Proline benzyl ester hydrochloride and 54 mg (0.24 

mmol) mixture of (E)-(2R,5S)- and -(2RS,5SR)-2,5-diisopropyi-hex-3-enedioic afforded, alter flash chromatography 
(gradient: 33-50% EtOAc in hexane), 15 mg (11%) of the title compound asacolouriessoH. MS m/e(%): 620 (M+NH4-", 
100). 

d) fRV^r2.5-DiisoDropvl-6-^f m-2-caffaCKy-pvrrolidh-1-yn-froxt>lie«a noyl] - p)ffralidlp»-a<Mrbpxv^ (mixtue of 3 
diastereomers) 

[0232] Using Genera Procedures with 41 mg (0.07 mmol) (E)-(R)-1-[2,5-diisopropyl-6-[(R)-2-benzyIoxycait)Dnyl-Ryr- 
rolidin-1-yl]-8-oxo-hex-3-eno^]-pyrrolidine-2-carbaxylic acid benzyl ester (mixture of the 3 diastereomers) afforded 28 
mg (1 00%) of the title compound as a colourless oil. MS mfa (%i)>423 ([M-H]', 1 00). 

Example 84 

(RV1-f5-[(R)-2-CariMxv-DVfrolidine-1- carborivl1-7-methoxv-2-f2-mathoxv-ethvl)-hentanovn-iwrolidlne-2-tarfaQxvli^ 
acid (mixture of 3 diastereomers 

Mixture of (E)-(2R.5S)- and -(gRS.5SR)-2.5-bis-{g-metho(xv-e1hvl)-hex-<i-enediolc add diethyl ester 

[0233] To a stin-ed solution of 5.0 g (25.0 mmoQ frans-2-butene-1,4-dicarboxylic add diethyl ester in 125 ml THF was 
added 6.35 g (1 50 mmol) anhydrous lithium chloride and the resulting suspension cooled to -78 °C. 25.0 ml (50.0 mmol) 
of a 2 M solution of LDA in THF was added dropwise and stirring continued for 45 rain. 7.4 ml (78.7 mmoQ 2-methox- 
yethyl bromide was tiien added and stining continued for 1 5 min at -78 "C, then 1 h at 0 °C, and then 2 h at room tem- 
perature. The reaction was quenched by addition of saturated ammonium chloride solution and the mixture extracted 
three times with ether. The combined organic phases were washed successively with saturated ammonium chloride 
solution, water, and saturated brine, dried over sodium sulphate, and concentrated in vacuo. Flash chromatography 
(50% toluene in EtOAc) afforded 1 .29 g (16%) of file title compound as a yeiiow oil. MS m^e (%): 334 ([M+NH^f. 100). 
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b) Mixture of fB-f2R.5S>- and •(2RS.5Sm-2.5-bis-f2-rrelhQxy-ethvn-hex-3-Bnedioicacld 



[0234] To a stirred solution of 1.29 g (4.08 mmol) mixture of (E)-(2R,5S)- and -(2RS,5SR)-2,5-bis-(2-methoxy-etfiyl)- 
hiex-3-enedioic acid dieth/! ester in 10 ml THF was added 33 rrl (33 mmd) of 1 M sodium ftydroxide soluion. After stir- 
ring for 18 h at room fetrperalure, tfie reaction mixture was acidified to pH 3 by addition of 1 M ftydrochloric acid and 
extracted three limes with ethyl acetate. Tlie combined organic phases were washed successively urith water and with 
saturated brine, dried over sodium sulphate, and concentrated in vacuo to afford 894 mg (84%) of the title conpound 
as a yellow oil. MS m/e (%): 259 ([M-HT. 100). 

c) f EVf RM -rs-rf R>-2-BenzvlQxvcarbonvl-Dvrrolidine-1 -carfaofwn-7-methoxv-2-(g-methm{y-ethyl^-heptanoyl]-pymalidine- 

2-carboxylic acid benzyl ester (mixture of 3 diastereomfirsl 

10235] Using General Procedure A with 1 .86 g (7.69 mmoQ D-Proline benzyl ester hydrochloride arxl 894 mg (3.84 
mmol) mixture of (E)-(2R,5S)- and •(2RS,5SR)-2,5-biB-(2-methoxy-elhyO-hex-3-ened!oic add afforded, after succes- 
sive flash chromatography (gradient 50%-100% EtOAc in hexane then 10% MeOK in EtOAc for first column; 20% tolu- 
ene in EtOAc for second njlumn; 20% tduene in EtOAc for third column; gradient: 25-20% toluene in EtOAc for four fh 
column), 146 mg (7%) of the title oonipound as a light yellow oil. MS nVe (%): 652 (M^-NK)'*', 50), 635 (M-i-H^ 100). 

d>fRVl-r5-fmV2-Carfaoxv-Dvrrolidine-1-carbonvl1-7-meth oxv-2-f2-methoxv-ethvl^hentanovil-pvrrolidine-2-cai^ 
acid (mixture of 3 diastereomers 

[0236] Using General Procedure B with 146 mg (0.23 mmol) (E)-(R)-1-[5-I(R)-2-benzyloxycarbonyl-pyrroiidine-1-car- 
bony|]-7-mBlhoxy-2-(2-mBthoxy-ethyl)-heptanoyIl-pyrrGlidine-2-carboxyllc acid benzyl ester (mixture of 3 diastereom- 
ers) afforded 92 mg (8B%) of the title compound as a cdouriess dl. MS nVe (%): 455 qM-Hf. 1 00). 

Example 85 

f m-1 -ra-r4-r2-f f RV2-Carfaoxv-pvrrolidln-1 -yf]-1 -mefhyl-a-Q xo-attylJ^ahenyn-prnpinnvq-pvrrolldlne-g-carboKvilc acid 
(mixture of the 3 diastereomers^ 

a^ (4-BenzvloxvcarfaonvlmBthvl-Dhenvl>-acetic add benzyl eeter 

10237] To a suspension of 10.0 g (51.5 mmol) benzene-l,4-diacetlc acid, 0.94 g (7.73 mmol) 4-dimethylaminopyridine 
and 5.33 ml (51.5 mmd) benzyl alcohol in 150 ml dichloromethane at 0 "C was added 11.85 g (61.8 mmol) A/-(3- 
dimethylaminopropyl)-/V'-ethylcartodiimide and stirring confhued at 0 °C ft>r 2 h aivj then at room temperature for 1 6 
h. The reaction mixture was then washed sequentially with 1 M hydrochloric acid, saturated sodium bicartjonate solu- 
tion and fffially writh saturated brine, and the aqueous pluses badc-extracted with dichloromethane. The combined 
organic extracts were dried over sodium sulphate and concenlraled in vacuo. Flash chromatography (50% EtOAc In 
hexane) then afford ed the title corrpound as a light yeiiow oi! wtrtch crystallised on standing. MS m/e (%): 374 (M"^. 1 0), 
283 ([M-Bn]+, 16), 239 HM-Bn-COa]*. 18). 91 (Bn*. 100). 

tii Mixture of (R)-2-[4-r(S)- and fRSV2-r4-rfRSt-1-benzvloxvcarbonvl-ethvll-phenvn-DroDionic add benzyl ester 

[0238] To a stin-ed solution of 2.0 g (5.3 mmol) (4-benzyloKycartx)nylmetiyl-phenyl)-acetic acid benzyl ester in 80 ml 
TI-IF was added 1.35 g (32 mmd) anhydrous tifhiun chloride and the resulting suspension cooled to -78 °C. 10.7 ml 
(21.4 mmol) of a 2 M solution of LDA in THF was added dropwise and sfin-Ing continued for 45 min. 1 .33 (2 1 .3 mmol) 
methyl iodide was then added and stirring continued for 15 min at -78 °C, then 20 min at 0 "C. The reaction was 
quenched at this temperature by addition of saturated ammonium chloride solution and the mixture extracted three 
times with ether. The combined organic phases were dried over sodium sulphate, and concentrated in vacuo. Flash 
chromatography (EtOAc) afforded 2.1 g (1 00%) of the title compound as a brown oil. MS m/e (%); 420 QM+NHJ^ 100). 

Mixture of f RV2-[4-[(S)- and (RS)-2-[4-r( RS)-1-eaiboxy-Bthvl^ph6nvn-ompionic add 

[0239] A solution of 230 mg (0.57 mmol) mixture of (R)-2-[4-[(S)- and (RS)-2-[4-[(RS)-1-benzyioxycarbonyl-ethyr|- 
phenyl]-propionic add benzyl ester in 20 ml ethanol was stirred with 5 wt% of 10% palladium on charcoal under 1 atm 
of hydrogen for 16 h at room temperature. After filtration to remove the catalyst, the reaction mixture was concentrated 
in vacuo to afford 70 mg (55%) of the title corrpound as a white crystaBlne solid. MS m/e (%): 222 (M*, 23), 177 (Pi/I- 
C02hfl-, 100), 131. 
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d) fR)-1-[2-f4-f2-ffR>-2-Benzyloxyca[tonvl-pwrolidin-1-^-1-methvl-2-c»o-Bthvn-nhBnvr-proi3ionvn-DVTO^ 



boxylic acid benzyl ester (mixture of the 3 diastereomers) 



[02401 Using General Procedure A with 370 mg (1.S3 mmol) D-Proline benzyl ester hydrochloride and 170 mg (0.77 
B mmai) mixture of (R)-2-[4[(S)- and (RS)-2-[4-[(RS)-1'cart)oxy-etiyl)-phenyl]-propionic acid affordedi afterflash chroma- 
tography ^tOAc), 1 70 mg (38%) of the title compound as a colourless oil. MSm/e (%): 614 (M+NH4-'. 100). 597 (M+H"^. 
60). 

e^ fRVt-r2-f4-f2-r(R)-2-CarbQxv-Dvrrolidin-1 -vl]-1 -methvl-2-o)co-ethvH-phenvll-proDionvl1-pvfrolidine-2-cari30Xvlic acid 
10 (mixture of the 3 diastereomais) 

[0241] Using General Procedure B with 170 mg (0.29 mmol) (R)-1-[2-I4-[2-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]- 
1-methyl-2-axo-ethyl]-pheny|]-pro|»onyi]-pynvlidlne-2-carboxyDc acid benzyl ester (mixture of the 3 diastereomers) 
afforded 50 mg (42%) of the title compound as a uAiite foam. MS m/e (%): 415 ([M-Hf, 1 00). 

IS 

Example 86 

f2E.4B-(R)-1-f6-F(R1-2-Carfaoxv-DvrrQlidin-1-vl1-2.5-dimethvl-SK3xo-hexa-2.4-dienovl1-DvrrQlidine-g-carboxvlic acic i 

z> a1 (2E.4EV(R)-1 -f6-[(R)-2-BenzvloxycartJonvl-pvrrolidin-1 ■vl1-2.5<limethyl-6-oxo-hexa-2.4-diBnoyt]-pyrrciidine-2-car- 
boxvlic acid benzvl ester 

[0242] To a stirred suspersion of 0.91 g (5.32 mmol) 2,5-dimethyl-hex-2,4<lien-1 ,6-dioic acid in 80 ml dichiorometh- 
ane containing two drops of pyridine was added dropwise at room temperature 0.77 ml (10.6 mmol) thlonyl chloride and 

2B the reaction mixture was then heated at 50 °C for 2 h. The resulting solution was cooled to 0 °C and added dropwise to 
a solution of 2.57 g (10.6 mmol) D-Proline benzyl ester hydrocHoride and 3.0 ml (21.5 mmol) triethylamine in 50 ml 
dichioromethane at 0 °C. Stirring was continued for 2 h at 0 °C and then 24 h room temperatura The reaction mixture 
was then washed sequentially with 1 M hydrochloric add and with water, and the aqueous phases back-extracted with 
dichioromethane. The combined organic extracts were dried over sodium sulphate and concenb'ated in vacua. Flash 

30 chromatography ptOAc) afforded 2.79 g (96%) of the fifle conrpound as a colourless dl. MS m/e (%): 562 (iy4-fNH4'^, 
100), 545 (M+H+, 5. 

b) (2E.4E)-(R)-1-r6-[(R)-2-Caiboxy-pyrrolidin-1 -yfl-2.5-dimethyl-6-oxo-he!xa-2.4-dienoyl]-pvm3lldine-2-caffaoxvlic acid 

35 [02431 Using General Procedure B with 1.14 g (2.09 mmoO (2E,4E)-(F0-1-[6-[(R)-2-Benzylaxycaibanyl-pyrrolidin-1- 
yl]-2,5-dimethyl-6-oxo-hBxa-2,4-dienoyQ-pyrroiidine-2-carboxylic acid benzyl ester and with dioxane as solvent afforded 
127 mg (16%) of the title compound as a white solid. MS m/e (%j: 365 (M+l-t^, 100). 

Example 87 

40 

fRV1-r6-rfR1-2-Carbox v-pvrrolidin-1-vn-2.5-dimethvl-6-oxo-hBxanovn-Dvn-olidine-2-carboxvlic acid (mixture of 3 diaster- 

[0244] A solution o* 593 mg (1 .09 mmol) (2E,4E)-(R)-1-[6-[(R)-2-benzyloxycarbony!-pyrroIldin-1-yl]-2,5-dimelhyl-6- 
4s oxo-hexa-2,4-dienoy|]-pyrrolidine-2-carboxylic acid isenzyl ester In 1 5 ml dioxane was stirred with 25 mg (0.11 mmol) 
platinum (IV) oxide under 1 atm of hydrogen for 72 h at room temperature. After filtration to remove the catalyst, ttie 
reaction mixture was concentrated in vacuo and azeolroped three times with chloroform on a rotary evaporator to 
remove last traces of dioxane, then triturded in ^er to afford 400 mg (100%) of tiie title compound as a white foam. 
IvIS m/e (%): 369 (M+H^, 100). 

so 
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Exarrple 88 

Mixture of (ro-1-f(3R.4m- and -f(3S.4a-3.4<iihvdraxv-6-ffR>-2-carboiw-pynrdidin-1-Yn-6Kaxo-hBxanov1-DvrrolidinB-2- 

carljoxvlic acid 

a) <R^1-r6-ltRV2-Benzvloxvcartxyyl-pvn'olidinB-1-carbcyivn-Dyridine-2-(a[bonvnHW acid benzvl 

ester 



[0245] Using General Procedure A with 5.0 g (20.6 mmol) D-Proline benzyl ester hydrochloride and 1.5 g (1C.3 mmol) 
frans-S-hexenedioic acid afforded, after flash chromatography (EtOAc}, 3.15 g (59%) of the title compound as a light 
yellow oil. MS m/e (%): 536 (M+NH4+, 100), 519 (M+H+, 80). 

b) Mixture of (RV1-rf3R.4RV and ■rf3a4S)-6-rfR>-2-benzvioxvcarbonvl-wnrolldln-1-vn-3.4-dlhvdroxv.6-o)to-hexanovl]- 
pyrrolldine-2-earbooeylic acid benzyl ester 

[0246] To astirred solution of 3.13 g (6.04 mmol) (R)-1-16-[(R)-2-benzyloxycarbonyl-pyrrolidine-1-carbonylj-pyridine- 

2- carbonyl]-pyrrolidine-2-cattiQxylic acid benzyl ester in 10 ml acetone and 10 ml water were added 980 mg (7.25 
mmol) 4-methylmorpholine-4-oxide and 0.6 ml of a 2.5% solution of osmium tetroxide in fert-butanol and stirring con- 
tinued for 72 h at room iemperatjre. 50 ml of 38% sodium hydrogensulphite solution wasthen added at 0 °C and stirring 
continued for a further 1 5 min. The reaction mbdure was then filtered and extracted three times with ethyl acetate. The 
combined organic CKtrads were washed sequentially with 1 M hydrochloric acid and saturated brine^ dried over sodium 
sulphate, and concentrated in vacuo to afford 3.34 g (100%) of fine tlUeoonnpound as a odourless oil. MS tn/e(%}: 575 
(M+Na+, 35), 570 (M+NH4-^, 55), 553 (M+H'', 100). 

c) Mixture of fR)-1-[f3R.4R)- and •[(3S.4S)-3.4-dihvdroxv-6- rfRV2-caitooxv-pvrrolidin-1-vl1-6-oxo-hexanovl)-pvrrolidine- 
2Ka[boxvlic acid 

[0247] Using General Procedure B with 506 mg (0.92 mmol] mixture of (R)-1-pRj4R)- and -[(3S,4S]-6-[(R)-2-ben- 
zyloxycarbonyl-pyrrolidin-1-yi]-3,4-dihydroxy-6-axo-hexanayl]-piyrrolidine-2-carboxylic add benzyl ester afforded 341 
mg (100%) ofihe title compound as a white solid. MSm/e(%]: 395(M+NH4^ 55), 373 (M+H^, 100). 

Example 89 

(E)-(R)-1 -[6-[(RV2-Carboxv-pvrrolidin-1 -vl)-6-oxo-hex-3-enoyl]-pyrrolidine-g-carfanx vlic acid 

a) f E)-f R)-1 -r6-rfRV2-reff-Butoicvcaibonvl-ovrrolidin-1 -yl)-6^«o-hex-3-enQyl1-pyn'Qrdine-2-cart)oxylic acid iert-butyl 
ester 

[0248] Using General Procedure A with 1 .5 g (8.76 mmol) D-Proline tert-butyl ester and 630 mg (4.37 mmol) trans- 

3- hexenedioic acid afforded, after flash chromatography (10% EtOH in EtOAc), 1.59 g (77%) of the title conpound as 
a white crystalline sdid. MS m/e (%): 568 (M+NH4-*-, 35), 451 (M+H*-, 100), 395 aM+H-CsHa]*, 32), 339 {[M+H-2C3H8]+, 
40). 

b) fE)-fR)-1-[6-[(R)-2-Carbaxy-pyrrolidin-1-Yll-6-airo-hBx-3-«iovn-i3vrrolidine-2-oarbOKvlic acid 

[0249] To a stirred solution of 600 mg (1 .33 mmol) (E)-(R)-1 -[6-[(R)-2-ferf-butoxycarbonyl-pyn-olidin-1 -yl)-6-oxo-hBx- 
3-enoyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 1 5 ml dichloromethane i 0 °C was added drcpwise 4.4 ml (57.8 
mmol) trifluoroacetic acid and stirring continued for 16 h at room temperature. Concentration in vacuo and azeotroping 
three times with chloroform on a rotary ev^orator afforded 402 mg (90%) of the tiHe compound as a white foam. MS 
m/e(%):33g(M+H*, 100). 

Example 90 

f R)-1 43-IT3-ffffl-2-Carbm(v-iwn-olidin-1 -yn-3-oixo-prQpYl1iJropyl-amino1-DfODionvn-pvnolidine-2-<:art^ add 
a) (R)-1-Acryloyl-pyrrolicine-2-carfaoKvlic add benzvl ester 

[0250] To a stirred solution of 390 mg (1 .6 mmol) D-Proline benzyl ester hydrochloride and 0.47 ml (3.4 mmol] triethyl- 
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amine in 20 ml dichloramelhane at 0 "C was added dropwise 02 ml (2.4 mmol) acryloyl chloride and stirring continued 
for 24 h at room terrperature. The reaction mndure was then washed sequentially witti water, 1 M hydroctiloric acid and 
once more witti water, and ttie aqueous ptiases back-extracted with dictiloromethane. The combined organic extracts 
were dried over sodium sulptiate and concentrated in vacuo to afford 420 mg (100%) of the title compound as a colour- 
5 less oil. MS m/e (%): 259 (M+, 25). 124 (1 00), 91 (25), 70 (21). 

b)fR>-143-ri3-rfm-2-Benzvlo]cvcarbonvl-otfn-olidfi-1-vi1-3-0)mixopyll-pro^ 
lie acid benzvl ester 

10 [0251] A solution of 400 mg (1.5 mmol) (H)-1-acryloyl-pyrrolidine-2-carboxyiic acid benzyl ester and 63 ml (0.75 
mmol) propylamine in 5 ml acetonHrile was stirred far 16 h at room temperature, then for 6 h at 45 °C, and finally for 16 
h at 80 °C. Concentration in vaojo and flash chromatography (20% hljP in acetone) afforded 84 mg (19%) of the title 
compound as a pale yellow oil. MS m/e (%): 578 (M-i-hf*', 100). 

IS c)(R)-1-T3-[ [3- r(R)-2-CariMxv-DvndMin-1-vll-3Kixo-prDDvl1-DrDPvl-aminolprnpfanvn'<^ 

[D252] A solution of 84 mg (0.15 mmol) (R)-1-[3-[[3-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-3-oxo-propyl]-propyl- 
amino]-propionyl]-pyrrolidine-2-cat>oxylic add benzyl ester in 3 ml ethanol was stirred with 10 mg 10% Palladium on 
charcoal under 1 atm of hydrogen for 16 h at room temperature. After filtration to remove the catalyst, concentration in 
20 vacuo afforded 58 mg (100%) of thetille compound as a wtite saSd. MS nVe (%): 398 {M+H*. 100). 

Exanple 91 

fRV1-f3-IT3-ffRV2-Caibmcv<wn'olidin-1-vl1-3-OKOPfoo>rt1-cvdo[yowlmBlh\ri-aminolpK^ 

25 acid 

a^ fRV1-l3-[t34mvg-BBnzvlaxv carbonvl-Dvrrdidin-1-vl1-3-oxo<)rQtavnK!vctoDroi3vlme1hvl-amino1-propto^^ 
2-cartxixylic acid bepzyl ^ gr 

3D [0253] A solution of 444 mg (1-71 mmol) (R)-1-acryloyl-pyrrolidine-2-caiboxylic acid benzyl ester and 74 ml (0.85 
mmol) cyclopropylmethylamine in 5 ml acetonitrile was stired for 1 h at room temperature, then for 1 6 h at 80 "C. Con- 
centration in vacuo and flash chromatography (gradient: 0-100% MeOH in EtOAc) afforded 220 mg (44%) of the title 
compound as a yellow dl. MS mJe (%): 590 (M+H'^, 100). 

3S b) m^-1-[3-ff3-r(R)-2-Cart»xv-pvrroHdin-1-vq-3-OKQ-prnpyqwyjoprQpylmethjd-antinnl-prnp ionyn-pv^ 
lie acid 

[0254] A solution of 220 mg (0.37 mmol) (R)-1H3-[|3-[(R)-2-benzyloxycai1»nyl-pynBlldh-1-yl]-3-<KO-prQpyl]-cyclopro- 
pyimethyl-amlno]-propionyl]-pyrrolldriB-2-cartXKylic add benzyl ester in 20 ml isopropano! was stinred with 10 mg 1 0% 
40 Palladium on charcoal under 1 atm of hydrogen far 16 h at room temperature. Afterf illration to remove the catalyst, con- 
centration in vacuo afforded 153 mg (100%) otthe title conpound as a yellow solid. MS m/e (%): 408 ([M-H]', 100). 

Example 92 

4B fRV143-rf3.4-Dimethow-benzvn-I3rfRSg-cait)QW-mffrolidin-1-<rf1-3-OKO-ptopyl]-amino1-piopionyn<^ 
boxvlie acid trif lucypacetafe (1:1) 

a) fR)-1-Acrvlovl-Dvrrolidine-2-cait)oxvlic acid tert-butvl ester 

BO [0255] Toastirred solution of 5.0g (29.2 mmol) D-Piiolineferf-butylesterand4.5ml(32.l mmol)triethylaminein 180 
ml dichloiomethane at 0 °C was added dropwise 3.6 ml (43.8 mmol) aarytoy\ chloride and stirring continued for 48 h at 
room tempasliJre. The reaction mixhre was then washed sequentially with water, saluated ammonium chloride solu- 
tion, once more with walw and then wlh saturated brine, and the aqueous phases back-extracted with dichlorometh- 
ane. The combined organic extracts were dried over sodium sulph ate and concerrtrated in vacuo to afford 6.6 g (100%) 

55 of the title compound as a yellow oil. MS m/e (%): 243 (M4-NH4'', 33), 226 (M+H^ 100). 
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b) (RV1-r3-Fr3-rfRV2-tert-ButoxvcarbonvlswrrQlidinO-vn>3-oxoHyorivn-f3.4<lime<hoxv-b 

lidine-2-carboxylic acid tert-butyl esier 

[0256] A soluHcn ol 1 .0 g (4.44 mmd) (R)-1-aciyloi4-pynrolidine^-<arboKylic acid tert-butyl ester and 0.33 ml (2.22 
minol) veratrylamine in 25 nil acetonitrile was stirred fcr 16 h at 80 "C. Concentratian in vacuo and flash chromatogra- 
phy (gradient: 0-10% MeOH in EtOAc) afforded 150 mg (10%) of the tfUe oonrpound as a light brown oil. MS nVe (%]: 
61B{M+HM00). 

fRV1-f3-[f3.4-Dimethoxv-benzvn-[3-f(RV2-cartx»cv-pwrolidin-1-vl1-3-Qxo-Dropvl1-amino)-Dropionvl)-DW 
boxylic acid trifiuoroaceilate (1 .i ) 

[0257] To a stirred solution of 150 mg (0.24 mmol) (R)-H3-[I3•KR)-2^ert-blJtoxycarbo^yl-py^■olldln-1-y|l-3-oxo-pro- 
pyll-(3,4-dimethoxy-feenzyl)-amino]-propionyl]-pyrrolidlne-2-carbQxyllc acid tert-butyl ester in 5 ml dichlaromelhare atO 
"C was added dropwise 1 .0 ml trtfluoroacetic acid and stirring continued for 1 6 h at room Jemperature. Concentration in 
vacuo and azeotroping three times with chloroform on a rotary evaporator afforded, after trituration In ether, 130 nq 
(87%) of the title compound as a yellow crystalline solid. MS m/e (%): 506 (M+H^, 100). 

Example 93 

(R^1-[3-p-[(R)-2-Carboxy-mm^lldln-1-vn-3-oxo-propvn-f 2-mBthoCT-elhvlVamlno1-prcpionvn-avrroH 
apfj frifluoroacBtate (1 

aUR)-l-f3-rf3-rm)-2-tert-Buloxvcarbonvl-Dvrrolidin-1-vll-3-oxo-aroovl) -<2-methoxv-ethvl).amino]-propionyl]-pyrrolldine- 
2-caTboxvllc acid tert-butyl ester 

[0258] A solution of 1.0 g (4.44 mmol) _(R)-1-acryiqyl-pyrrolidine-2-carbQxylic add tert-butyl ester and 0.19 ml (2.22 
mmol) 2-methoxyethylamine in 25 ml acetonitrile was stirred for 16 h at 80 "C. Concentration in vacuo and flash chro- 
matography (gradient: 0-10% MeOH in EtOAc) afforded 300 mg (23%) of the title compound as a light brown otl. MS 
m/e(%): 526(M+H^ 100). 

b)fRV143-Fl3-rfm-2-CarbQxv-pvn-olldln-1-vll-3-oxoH3roiwn- f2-mBthoxv-ethvt>aniino1-proplonvn-twn-olM 
lie acid trifluoroacelate <^•^) 

[0259] To a stirred solution of 150 mg (0.29 mmol) (R)-1-[3-p-[(R)-2-tert-butQxycarfaonyl-pyrrolidin-1-yl]-3-Qxoi3ro- 
pyl]-(2-methoxy-eihyl)-amino]-propionyl]-pyrrolldine-2-caibO)^lc add tert-butyl ester In 5 ml dichloromethane at 0 "C 
was added dropwise 1.0 ml trifluoroacetic acid and stirring continued for 16 h at room temperature. Concentration in 
vacuo and azeotroping three times with chloroform on a rotary evaporator affoded, after resuspension in water and 
subsequent lyophilisation, 100 mg (67%) of the title compound as a yellow oil. MS m/e (%): 436 (M+Na^, 35), 414 
(M+H+, 100). 

Example 94 

fro-1-|3-[BBnzyl-[3-[(l^-2-carfaQxy-pvrrolidin-1-vll-3 -oxo-DroDvn-an^no1-Dropionvll-ovrrolidine-2-caitM 
oacBtatBri:1^ 

a) m)-1-f3-fBenzvl-f3-|'fR)-2-tert-bLrtQxvcarfaDnvl-pyrrolidin-1-vl]- 3-oxo-propyl]-amino1-Dronionvl1-pvrrolidlne-2-carboxy- 
lie acid tert-butyl ester 

[0260] A solution of 1.0 g (4.44 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid tert-butyl ester and 0.24 ml (222 
mmol) benzylamine in 25 ml acetonitrfle was stirred for 1 6 h at 80 *C. Concentration in vacuo and flash chromatography 
(gradient: 0-10% MeOH in EtOAc) afforded 470 mg (34%) of the title compound as a yellow oil. MS m/e (%]: 558 (M+H^ 
100). 

b) m)-1-r3-rBenzvl-r3-rrR^-2-catboxv^Dwrolidin-1^1-3-oxo-Dropvl1- amino1-pro[^onyl]i>yn-didlne-2-caifaoxvlic add trif- 
luoroacetate (1:11 

[0261] To a stirred solution of 200 mg (0.36 mmol) {Fq-1-p-[benzy!-[3-[(R)-2-tert-fautoxycaitJonyl-pyrrolidin-1-yl]-3- 
Qxo-propyl]-amino]-propiorTyl]i3yn'olidine-2-caibcocyiic add tert-butyi ester in 5 ml dichloromethane at 0 °C was added 
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dropwise 1.0 ml trifluoroacelic acid and stirring continued for IS ii at room temperature. Concentration in vacuo and 
azeotroping three times with chloroform on a rotary waporator afforded, after trituration in ether. ISO mg (80%) of the 
tHIe compound as a yellow crystalline solid. MS m/e (%): 468 (IM+Na*. 30], 446 (M+H^, 100). 

Example 95 

(R)-1 -IS-fS-rf R^g-Carfaoxv-pvrrolidin-1 -vll-3-oxo-Dropvlamwo]-propionvn-pvirolidine-2-caitx)xvlic acid trif I joroacetate 

nm 

aHRM -r3-rr3-r(R)-2-tert-BLftoxvcarbonvl-py[rolldln-1 -yll-a-oxo-pronpyll-fA-trif luorpniethvl-benzvl)-amlno1-proraionvl]- 
pvrrolidine-a-carboxylic acid tert-butvl ester 

[0262] A solution of 1.0 g (4.44 mmoQ (R)-1-acryloy{-pynvlldine-2-cart>oxylic acid lerl-bulyl ester andC.32 m[ (2.22 
mmol) para-trifiuoromethylbenzylamlne in 25 ml aceitonftrlle was stirred for 16 h at 80 "C. ConcentraliQn in vacuo and 
flash chromatography (gradient: 0-10% MeOH In EtOAc) afforded 480 mg (31%) of the title compound as a tlghtt brown 
oil. MS m/e (%): 626 (M+H+, 100). 

bMRV1-r3-f3-ffRV2-1ert-Butoxvcarfaon\rt-pvn^idin-1- vl1-3-oxo-Dropvlamino1-DioiMonvl1-pvrroW 

tert-butvl esler and (R>-1-[3-[[3-[fR)-2-tert-ButoxvR art«nv^Dvrroiidin-1-vl1-3-Qxo-prnpyl1-ethvl-amino1-[iroCTon^ 

dine-2-carboxvBc acid tert-butvl ester 

[0263] A solution of 290 mg (0.4S mmol) (R)-1-[3-[I3-[(R)-2-1er1-butoxycait)Onyl-pyrroiidin-1-yl]-3-oxo-propya-(4-trif- 
luorome1hy[-benzyl)-amino]-proptonyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 50 ml ethanol was stirred with 30 
mg 10% Palladium on charcoal under 1 atm of hydrogen far 72 h at room temperature. After filtration to remove the cat- 
aiysl, concentrallon in vacuo and flash chromatography (gradient: 0-100% MeOH in EtOAc containing 1% EtsN) 
afforded 36 mg (17%) of itia title compound (R)-1-[3-[3-I(R)-2-tert-8utoxycarbonyl-pyn-oiidr-1-yi]-3-03(o-propylamlno]- 
propionyl]-pyrrolidine-2-carbaxylic acid tert-butyl ester as a yellow oil. MS m/e (%): 468 (M+IH^, 1 00). Further flash chro- 
matog-aphy of the less poiv fractions (gradient: 0-20% MeOI-i in EtOAc contahhg 1% EtsN) afforded 87 mg (38%) of 
the by-product (R)-1-[3-[I3-{(R)-2-lert-butoxycarbonyl-pyrroiidin-1 ■yI]-3-o«)-propyl]-ethyl-amino]-prDpianiyl]-pyrrolidine- 
2-carboxyiic acid tert-butyl ester as a yellow oil. 

MS m/e (%): 496 (M+H+, 100). 

fR)-1-[3-l3-rfRV2-CarboXg-Dvrrolidin-1-vll-3-oxo-prODvlaminol-profMonyl]-pyrraiidinB-2-carbQxylie acid trifluorp Hge- 
tatef1:1) 

[0264] To a slired solution of 33 mg (0.07 mmol) (R)-1-[3-[3-[(R)-2-1ert-butoxycarbonyl-pyrrolidin-1-yl]-3-oxo-pro- 
pylamino]-propionyr|-pyrrolidine-2-cart)oxylic acid tert-butyl ester in 5 ml dichloromethane atO °C was added dropwise 
1.0 ml trif luoroacetic acid and stirring continued for 16 h ai room terrperature. Concentration in vacuo and azeotroping 
three times with chloroform on a rotary evaporator afforded, after resuspension in water and subsequent lyophifisation, 
19 mg (76%) of the title compound as a yellow glassy solb. MS m/e (%): 354 ([M-l-q', 100). 

Example 96 

[R)-1 -[3-[Ethvl-B-ffRVa-carfaoxv-pwToiidln-1 -vn-3-oxo-pfopvl1-amino1-propionvn-owToiidinB-a-carfaQxvlic acid trifluoroa- 

cetate(1:1) 

[D265] To a stirred solution of 85 mg (0.17 mmol) (R)-1-[3-[[3-[(R)-2-terf-butoxycarbonyl-pyrrolidin-1-yI}-3-oxo-propyl]- 
ethyl-am)no]-proplonyl]-pyrrolidine-2-carboxylic add tert-bu^ ester in 5 ml dictilQiDmethane at 0 °C was added drop- 
wise 1 .0 ml trifluoroacelic acid and stirring continued for 16 h at room temperature. Concerttration in vacuo and azeo- 
troping three times with chloroform on a rotary evaporator afforded, after resuspension in water and lyophilisation, 63 
mg (97%) of the title compound as a yellow crystalline solid. MS m/e (%): 442 ([M-fOAc]', 3^, 382 ([M-IH]', 100). 
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Example 97 

fR)-1-r3-fT34fRV2-Carboxv-DvrTOlidin-1-vq-a-axc>propvn-(4-trifluoromelhvl-bBnzvl^aminol^ 

boxyliG acid trifluorpacetate (1 :1) 

10266] To a stirred solution of 200 mg (0.32 mmOl) (R)-1-I3-p-[(R)-2^ert4)uto)tycarbQnyli)yrrGlidin-1-ylI'3-oxo-pro- 
pyl]-(4-1rlfluaromethyl-benzyQ-afnino]-proplanyQ-pynral!dine-2-carbGKytlc acid tert-buiyi ester in 5 ml dichloromethane at 

0 °C was added dropwise 1 .0 ml trifluoroacetic acid and stirring continued for 1 S In at room temperature. Concentration 
in vacuo and azeotroping three times witli chloroform on a rotary ewaperator affoided, after trituration in ether, 1 50 mg 
(7S%} of the title compound as a yellow oystalline solid. MS m/e (%]: 536 (M+N^, 20). 514 lfAi»*, 1 00). 

Example 98 

Mixture of f ffl-l -fS-FfSI- and f RS1-1 -TS-Ff RS)-2-carboixv-pyn'olidin-1 -yll-S-axo-hBieanovll-Dwmlidine -g-Garfamtvlit; acid 

a) 1 H-Pyrrol6-2-carfaoxylic acid benzyl ester 

[0267] Lit. J. Org. Chem. 1 979, 44, 975. To a stirred solution of 5.0 g (45.0 mmd) pyrrole-2-carboxylic acid and 31 .3 
ml (225 mmol) triethylamine in 100 ml DMF was added dropwise 26 ml (225 mmol) benzyl bromide and stirring contin- 
ued for 72 h at room temperature. The reaction mixture was then concentrated in vacuo and ttie residue resuspended 
in dichloromethane and washed twice with saturated sodium bicaibonate solutian and twice with water, and the aque- 
ous phases bacl<-extracted with dichloromethane. The combvied organic extracts were dried over sodium sulphate and 
cortcentrated in vacua Flash chromatography (25% EtOAc in hexane) aflbrded 8.23 g (90%) of the title compound as 
a yellow oil. MS m/e (%}: 201 {tA *, 33}, 94 ([iUt-OBn]", 22). 91 (Bn+, 100). 

b) H6-f2-Ben2ylOKVCfflbonyl-pvirol-1-vtV6<ixo-hflxanovn-1H-pvrrole-2-carboxvllcacld benzvl ester 

[0268] To a stirred solution of 1.0 g (4.97 mmol) 1H-pyrrDlB-2-caiboxylic add henzyl ester, 0.06 g (0.50 mmol) 4- 
dlmethylaminopyridine and 0.82 ml (5.47 mmol) 1,8-diazBt»cyGlo[5.4.0]undec-7-ene in 40 ml dichloromethane at 0 *C 
was added dropwise 0.36 ml (2.49 mmol) adipoyi chloride and stirring continued for 1 h at room temperature. The reac- 
tion mixture was then washed sequentially with 1 M hydrochloric add, saturated sodium bicarbonate solution and finally 
with saturated brine, and the aqueous phases baclt-extracted with dichloromethane. The ctxnbined organic extracts 
were dried over sodium sulphate and concentrated in vacuo. Flash chromatography (25% EtOAc in hexane) aflbrded 
450 mg (35%) of the title compound as a white crystalline solid. MS m/e (%): 530 (M+NH^+, 100). 

c\ Mixture of fRV1-f6-Ffa- and mSV1-r6-ffR a-2-carboxv-pwrolidin-1.vfl-6-oxo-hexanoyll-pvrrolidine-2-carboxvlic add 

[0269] Using General Procedure B with 8ra mg (1 .56 mmol) 1-[6-(2-benzyloxycarbonyl-pyrrol-l-yl)-6-oxo-hexanoyO- 

1 H-pyrrole-2-carboxylic acid benzyl ester affoided 470 mg (91%) of thetilie conpound as a white crystalline solid. MS 
m/e(%):339(IM-hir, 100}. 

Example 99 

1-F6-f2-Carboxv-pvrrd-1-yl)-6-oxo-hexanovl1-1HH3vrrole-2-caiboxvlicacid 

a) 1 H-Pyrrol6-2-carboxvlic acid terf-butvl ester 

[0270] Lit. Tetrahedron 1985, 41, 5633. To astirred solution of 10.0 g (90.0 mmol) pyrrole-2-carboxylic acid in 180 ml 
dioxane was added dropwise at 0 °C 18 m! concentrated sulphuric acid 2-methylpropene was then condensed into the 
reaction f lasl< over the course of 1 h, using a dry-ice condenser, and stirring continued for 1 6 h at 0 °C while the dry-ice 
condenser was periodically refilled so as to maintain a slow reflux of 2-mettiylprDpene. The reaction mixture was then 
poured cautiously into an ice-coded mixture of 400 ml ettier and 150 ml 2 M sodium tiydroxide solution. The phases 
were separated and the aqueous phase extracted twice more with ether. The combined organic phases were washed 
successively with 2 M sodium hydroxide solution, water and finely with saturated brine, then dried over sodium sulphate 
and concentrated in vacuo to afford 9.07 g (60%) of the litle compound as a colourless oil which still contained some 
dioxane. NMR d (250 MHz. CDQa) 9.60 (1H, br s), 6.90 (1H, m), 6.83 (1H, m). 6.22 (1 H. m), 1.56 (9H, s). 
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b) 1-[6-(2-t6rt-Butoxvcaffaonvl-Dvrrol-1-^1-6-oxD4iexanovn-1H<avrrole-2-cartx)^ add tert-butyl estar 

[0271] To a stirred soluflon of 1 .3 g (7.77 mmol) 1 Hiaynole^-caifeaxySc add fert-buiyi ester, 95 mg (0.78 mmoi) 4- 
dimethylaminqayridine and 1.28 ml (B.56 mmol) 1,8-diazabicyclo[5.4.0]undec-7-ene in 40 ml didilcromethane at 0 ''C 

s was added dropwise 0.57 ml (3.91 mmoO adlpoyldilorlde and stirring confinued fori 6 ti at room temperature. Af urttier 
95 mg (0.78 mmol) 4-dimethylaminGpyridine and 1.28 ml (8.56 mmol] 1 ,8-diazabicydQ[5.4.0]undec-7-were added and 
stirring continued for a further 4 h at room terrperature. The reaction mixture was then washed sequentially with 1 M 
hydrochloric acid, saturated sodium bicartxinate solution and finally with saturated bn'ne. and the aqueous phases 
back-extracted with dichiorom ethane. The carTt)ined organic extracts were dried over sodium sulphate and concen- 

10 trated in vacuo. Flash chromatography (gradient: 1 0-20% EtOAc in hexane) afforded 464 tvQ (13%) of the title com- 
pound as a ligtrt yellow crystalline solid. MS m/e (%): 462 (M-i-NH^^ 100). 

c) 1-r6-f2-CaifaQ)tv-Dvrrol-1-vn-6-axD-hBxanovl1-1H-i3vrrole-2-carfaaxvlic add 

75 [0272] To a stirred solution of 55 mg (0.1 2 mmol) 1 -[6-(2-tBrt-butoxycarbonyI-pyrrDl-1 -y1)-6-Dxo-hexanoy11-1 H-pyn-ole- 
2-carl5oxyllc acid tert-butyl ester in 8 ml dichloromethane atO °C was added dropwise 0.15 ml (1 .97 mmol) trifluonoace- 
tic acid and stirring continued for 1 6 h at room temperature. Concentration in vacuo and azeotroping three times with 
chloroform on arotary evaporator afforded 39 nig(9S%) of the title compound as an off-white crystalline solid. MS nn/e 
(%):350(M+NH4M00). 

20 

Example 10D 

(R)-1-[6-[(R)-2-Carbo xy-4.4-drfl uoro-pyrrolidin-1-vn-6-oxo-hexanovn-4.4-difluoropyrrolidine-2-cartioxylicadd 

2s a) (2ffi-4-Oxo-Dvrrolidine-1.2-dicarboxvlic acid 2-benzyl ester 1 -tert-butyl ester 

[0273] Asolution of 15.6 ml (0.22mol)dime1hylsuKoxide in 50 ml dichloromethane was spven to 9.60 n^ oxaiylchloride 
in ISO ml dichioromeitliane at minus 65 °C durkig a period of 10 minutes. After S minutes at -65°C 32.1g (0.1 mo!) 
(2R,2R)-4-hydroxy-pyrrolidine-1,2-dicarboxyKc add 2-benzyl ester 1-tert-lDutyl ester in 100 ml dictuoromethane were 
so added and after additional 15 minutes 24.4 ml (0.18 mol) triethylamine. The cooling bath was removed, stirring was con- 
tinued over night, and then the mixturewas poured into ice-water. Extraction with dichioromelhane, followed by washing 
witii 0.05 N HCI, bicarbonate and water and chromatography over sillcagei with dichloromethane/ ethylacetate 98:2 
gave 11. 1g (35%) (2R)-4-oxo-pyrrolidine-1,2-dicarboxylic acd 2-benzyl ester 1 -tert-butyl ester as a colorless liquid. MS 
m/e (%): 263(M-isobutylene, 7), 219 (8). 184 (24). 128 (14). 91 (58). 84 (40), S7 (100); 

35 

[a ]d = +1 -I" (o= 1% In methanol). 

fa) fgRV4.4-Difluoro-pyrrolidine-1 ■2-dicarfaoxylic add 2-benzyl ester 1 -tert-butvl ester 

40 [0274] Asolution of 0.64 g (0.002 mol) (2R)-4-oxo-pyrrolidine-1 ,2-dicarboxylic acid 2-benzyl ester 1-tert-butyl ester in 
3 ml dichloromethane was treated at 0°C with a79 ml (0.006 mol) dlethytaminosuifurtriffuoride, stirring was continued 
at room temperature for 32 hours and then the mixture was poured on ice. Extraction wHH dichuorcmethane and filtra- 
tion over silicagel with hexane followed by eluticn with dichloromethane gans 0.62 g (90%) (2R>)-4.4>difkiora^rro1idine- 
1,2-dicartxJxylic acid 2-t>enzyl ester l^erl-butyl ester as light yellow oil. 

45 

MS m/e (%): 285(1), 206 (6), 106 (33), 91 (35), 57 (1 00); [a ]□ = -H43.0'' (c= 1% in methanol). 

c) f2R>4,4-Difluoro-Dvrrolidine-2-carboxvlic acid benzyl ester tivdrochloride f1 :11 

so [0275] 1 00 mi of dry HCI in diethylether was added to a solution of 7.51 g (0.022 mol) (2R)-4,4-diiluoro-pyn-didine- 
1 ,2-dicarbQ0(y[ic add 2-benzyl ester 1 -tert-butyl ester in a rrixture 1 00 ml diethylether and 20 rrd dichloromethane. After 
stin-ing for two days 5.84 g (96%) (2R)-4,4-difluoro-pyrrolidine-2-cart»xylic add benzyl ester hydrochloride (1:1) were 
isolated Isy filtration and dried under reduced pressure. Mp.: 118-120°C;[alD = -h29.3° (c= 1% in methanol). 

55 d) fR)-1-[6-rfRV2-Benzvloxvcarbonvl-4.4-ditluorQ-Dvrrolidirh1-vn-6-oxo-hexanovll-4.4-dilluoroiivrfolidine-2-cartX3xvlic 
acid benzyl ester ' 

[0276] To a su^ension of1.11 g (0.004 mol) (2R)-4,4-diliuoro-pyrrolidine-2-cartX}xyl!c add benzyl ester hydrochlo- 
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ride (1:1) in 20 ml dichloiomethane were added 1.17 ml (0.008 md) triethylamine, and 0.29 m[ (0.002 mol) ad'ipoyl- 
dichloride in 5 ml dichloramelhane. After sdrrhg at room temperature over niglit the mixture was extracted witti 1H HCI, 
water and aqueous sodiumblcarijonate and dried witii sodiumsulfate. Chromatogaphy over siiicagel with dichlorometh- 
ane/ethylacetate 8;2 gave 0.79 g (66%) (R)-1-[6-[(R)-2-benzyIoxycaibonyl-4.4-difluoro-pyrrolidin-1 -ylJ-6-oxo-hexanoyQ- 
4,4-drfluor(9yrrolidine-2-cart>a(yilc acid benzyl ester as colorless oil. I8P-MS: 593 (MH)^; [ojo ° +B7.3° (c= 1%in meth- 
anol). 

el fR)-1-r6-rfro-2-Carboixv-4.4-dHluoro-p¥rtdidin-1-vl]- 6-ox()-hBxanovn-4.4<lifluoroD^ 

[0277] 0.59g (O.OOImol) (R)-1-[6-[(R)2-BenzyloxycarbQnyl-4,4-difluorD-pyrrolidin-1-yl]-6-oxo-hexanoyl]-4,4-dlfluoro- 
pyrrQlidlne-2-carboxyiic acid benzyl esler in 20 ml ethanol were hycfrogenated at room temperature and atmospheric 
pressure in the presence of 0.12g 5% palladium/carbon. After conpletion of the reaction tine catalyst was filtered off, 
the solvent was distilled off, and the residue was dissolved in dichloromethane. Evaporation gave 0.4g (97%) (R)-1-[6- 
[(R)-2-carbaxy-4,4<llfluaro-pyrididin-1-yq-&«KO-hexanoyQ-4,4-difluoropyiTolldine-2-Gari3ox^ add as a white loam. 
ISP-MS; 413 (MH)+; [a ]□ = +54.2» (c= 1% in dimethylsullbxide). 

Example 101 

fR^^■^^242■^fm■2■CaIbQXV■4.4-ditlun roov^oHdin-1-v^^-a^KO-ethoxvl]-phe^oxvlacetvl^ 
vlic add 

aURV1-IT2-rg-rfR^-2-Benzvloxvtarfaon«l.4 4-ditluoropyrrolMln-1-vn-gKiiM-ethoxyl]-phenaxylM^ 
lne-2-cartx»(^lc add benzyl ester 

[0278] To a mixture of l.llg (O.C04 mol) (2R)-4,4-drfluoro-pyrrolidine-2-catboxyllc acid benzyl ester hydrochloride 
(1:1), 0.45g (0.002 mol) 1,2-phenylenedioxydiacetic acid, 

1.21g (0.012 mol) N-methylmorphollne. and O.SIg (0.004mol) l-tiydroDtybenzotriazde hydrate in 90 ml dichloromeih- 
ane were added 0.77g (0.004 mol) 1-(3-dlmelhylaminoprQpyl)-3-elhylcaibodiimld hydrochloride. After sliiring at room 
temperature for 18 hours the nixture was extracted with IN I^CI, water, 10% aqueous sodium bicarbonate and again 
water. Chromatography over sflicagel vrith dichloromethane/ethylacetale 9:1 yielded 0.52g (39%) (R)-1[I2-[2-[(R)-2- 
benzyloxycarbonyl-4,4-difluorapyn'didin-1-yO-2-oxa-ethoxyl]-i*ienoxy]acetyl]-4,4-difluOfopyrrolldine-2-carboxylic acid 
benzyl ester as colorless oil. ISP-MS: 673 (MH)+; [a Id = +68.4° (c= 1% in methanol). 

b) f RV 1 -IT2-r2-f(R^.2-Carboxv-4.4-diflLiorQovrrolidin-1 ■vl)-g-Qxo-eth oxvn-pheno>cy1acBtyl]-4.4-difluoroovrn3lid[ne-a-car- 
boxylic acid 

[0279] 0.47g (0.0007mol) (R)-1-[[2-[2-[(R)-2-Benzloxycarbonyl-4.4-difluoropyi7olidin-1-yl]-2-oxo-ethoxyl]-phe- 
noocy]acetyl]-4,4-difluoropyrrolidhe-2-carboxyIic acid benzyl ester in 20 ml ethanol were hydrogenaled at room temper- 
ature and atmospheric pressure in the presence of 0.09g 5% palladium/carbon. After completion of the reaction the 
catalyst was filtered off, the solverrt was disfilled off, and the residue was dissol\«d in dichloromethane. Evaporation 
gave0.32g(94%)(R)-l-[[2-[2-[(R)-2-carboxy-4,4-d"rfluQropyrrdidin-1-yl]-2-Oxo-^hQxyl]-phenoxy]acelyl]-4,4-difluoropyr- 
rolldine'2-carbaKyllc acid as a light yellow foam. ISP-MS: 493 (MH)+; [a ]d = +4&8° (c= 1% in dimethylsulfaxide). 

Examrje 102 

(R)-1-[[4-[2-rm^2-Gar hoxv-4.4<iifluoroDVTrolidin-1-v[]-2-oxc>ethvl]-phenvi]-acetvl1-4.4<iifluoropvn-dldlne-2-^^ 
add 

a) fRV1-rr4-r2-rfRV2-Benzvloxvcarbonvl-4.4<iHluoroi3vnm[idin-1-yn-2-oxo-ethyn-phenyn-acetvl1-4.4-difluorotw^ 
2-carbQxvlic acid benzyl ester 

[0230] To a mixture of l.llg (0.004 mol) (2R)-4,4-d'ifluoro-pyrrolidine-2-<:arboxylic add benzyl ester hydrochloride 
(1:1), 0.39g (0.002 mol) 1,4-phenylenediac8tic add, 1.21g (0.012 md) N-methyimorphdine, and 0.61g (0.004md) 1- 
hydroxybenzotriazde hydrate in 90 ml dichloromethane were added 0.77g (0.004 mol) 1-(3-dlmethylaminopropyl)-3- 
eihylcarbodiimld hydrochloride. After stirring at room tenperature for 1 8 hours the mixture was extracted with IN NCI, 
water, 10% aqueous sodium biicsrbonate and again water. Chromatography over silicagel with dichloromethane/ethyl- 
acetate 9:1 yielded 0.72g (56%) (R)-1-[[4-[2-[(R)-2-benzyIaxycarbonyl-4,4-difluorQpynT)fidin-1-yl]-2-oxo-ethy|]-pheny|]- 
acetyQ-4,4-diflucropyniolidlne-2-carboxylic add benzyl ester as colorless di. ISP-MS: 658 (MNH4)'^: [a )□ = +55.5° (co 
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1% in methanol). 

b) (RV1-[r4-[2-rfRV2<;arbcOT-4.4Kiift»roDwrrolidin-1-vl1-2-oico-ethvlVphenvll-acetvn-4.^^ 
lie acid 

[0281] 0.64g (0.001 mol) (F0-1-[[4-[2-I(F0-2-Benzytoxycarbonyl-4,4-difluoropyn-olidin-1-yl]-2-oxo-e1hyl]-phenyl]- 
acetyl]-4,4-difluoropyrralidine-2-carbaxylic add benzyl ester in 20 ml etlnanol were liydrogenated at room temperature 
and atmospheric pressure in the presence of 0.13g 5% palladium/carbon. After completion of the reaction the catalyst 
was filtered off, Ihe solvertt was distilled off, and the residue was dissolved in dichloromethane. Evaporation gave 0.28g 
(51%) (R)-1-n4-[2-[(R)-2-cart)Oxy-4,4-difluoropyrroIidin-1-yO-2-oxo-ethyl]-phenyl]-acetyl]-4,4-drfluoropyrrolidinB-2-car- 
boxylic acid as a light yellow loam ISP-MS: 478 (MNH4)^; [a ]□ = +50.3° (c= 0.33 % in dImethylsuHdxide). 

Example 103 

fRV146-rfm-2-Carboxv-2.5-dlhvdropyrrole-1-yl]-6-axo-heiBnovn-2.5Kiihvdropvn-ole-2-caitxii^ 

a) f2R.4R>-4 -(Tbluene-4-sul<bnvloxy)-p vrrQlldlne-1.2-dicafboxvlic acid 2-benzvl ester 1-lert-butvl estar 

[0282] Asolution of 2.35g (0.007 mol) (2R,2R)-4-hydroxy-pyrroIidine-1,2<licarboxylic aod 2-l]enzyl-ester Hert-bulyl 
ester in 22 ml pyridine were treated at 5°C with 1 .53g (0.008 mol) p-toluenesidlonyl chloride and kept in ttie refrigerator 
for 1 5 days. The pyridine was then distilled off in vacuo and the residue was purified by chromatography on silicagel with 
dichloromethane/ethylacetate 95:5 to yield 2.81g (81%) (2R.4R)-4-(toIuene-4-sutfonyloxy)-pyrrolid(ne-1 ,2-dicarboxylic 
acid 2-benzyl ester Mert-butyl ester as colorless liquid. MS m/e (%): 376 (2), 340 (10), 284 (6), 240 (21), 91 (48), 68 
(100), 57 (63); [ab = -(24.5° (c= 1% in mefiianol). 

b1 f2R.4SV4-PhBnvlBBlanvl-pwrrolidine-1.2-acaiboxylic add l-terlybuhfl ester 2-ethvl ester 

[0283] A solution of 7.9gg (0.026 mol) diphenyl diselenlde In 250 ni ethanol was treated with 1.5gg (0.042 mol) 
sodium borohydride and sUnlng was continued until the yellow solution turned colorless. After addition of 20.0g (0.042 
mol) (2R,4l^)-4-(toluene-4-sulfonylCBcy)-pyrrdidine-1,2-dicart)oxylic acid 2-benzyl ester l-tert-butyl ester the mixture 
was refluxed for 2.5 hours. A white precipitate was filtered off and the solvent was removed in vacuo. Chromatography 
on silicagel with dichloromethane/methanol 98:2 gave 8.48g (51%) 
(2R,4S)-4-Phenylselanyl-pyrrolidine-1,2-dica(t)axylic acid 1-tert-butyl ester 2-ethyl ester 

as a colorless oil. MS wte (%): 399 (7),326 (13), 270 (18), 226 (38), 186 (35). 68 (60), 57 (100), 41 (28). laJo = +40.4° 
(c° 1% h methanol), in addition were isolated 0.6g (2R,4S)-4-phenylselanyl-pyrrolidine-1 ,2-dicarboxylic acid 2-benzyl 
ester 1-tert-butyl ester as colorless oil. MSnfiye(%): 461(7), 326 (21), 270 ^7), 248(48), 226 (4S), 209 (30), 91 (100), 
68 (54), 57 (96). [ab = 433.2» (c= 1% in methanol). 

c^ fR^2.5-Dihvdro-Pvrrole-1.2<licarboxylic acid 1-tert-butvl ester 2-elhvl ester 

[0284] To a solution of 7.35g (0.01 6 mol) (2R,4S)-4-phenylselanyl-pynt)iidine-1 ,2-dicarboxylic acid 1 -tert-buiyi ester 
2-ethyl ester In 80 ml dichloromethane were added at 0-5°C 1.93 ml (0.024 mot) pyridine and 4.6 m) 30% hyctogen per- 
oxide and stin-ing was continued lor 1.5 hours. The mixture was exliactfid wHh 5% aqueous HQ, saturated aqueous 
sodium carbonate, and water. Chromatography on silicagel with ethylacetate/hexane 1:5 yielded 2.9gg (77%) (R)-2,5- 
dihydro-pyrrole-1,2-dicattioxylic acid 1-tert-butyl esler2-ethyl ester as colorless oil. MS m/e (%): 186 (11), 168 (48), 140 
(32), 112 (100), 68 (85), 57 (58). [afc = +242° (c= 1% in chloroform). 

d^ fR'l-2.5-DihvdrQ-1H-Dvrrole-2-ca[t)oxvlic add ethvt ester triiluoroacetate f1:11 

[0285] 1.5g (O.OOSmol) (R)-2,5-dihydro-pyn'ole-1,2<licattx»cylic acid 1-terl-bulyl ester 2-ethyl ester were dissolved at 
5°C in 10 ml triiluoroacetic acid and stirring was continued at room tennperature for 3 hours. Evaporation of the solvent 
in vacuo gave 2.05g (quart.) of (R)-2,5-dihydro-1H-pyrrole-2-cait)Oxylic acid ethyl ester trif luoroacelate (1 :1) as a yellow 
oil. MS m/e (%): 142 (1), 68 (100), 45 (10), 41 (15). [ah = +95.4° (c= 1% in methanol). 

&) fRM-r6-rfRV2-E1hvloxvcaitx)nvl-2.5-dihvdroDvrrole-1-vn-6-Qxo-hexanovl1-2.5-dihvdropvrrole-2-cait>oxvlic add ethyl 
ester 

[0286] To a suspension of 0.99 g (0.003 mol(R)-2,5-dihydro-1 H-pyrrale-2-csrt]oxylic acid ethyl ester trifluoroacetate 
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(1 :1) in 20 ml cGchloramethane were added 1 .3 ml (0.009 moQ triethylanilnB, and 0.22 ml (0.0015 mol) adipoyldichloride 
in 5 ml cfchloromethane. After stirring at room temperature over night Itie mixture was extracted witli 1 N HQ, water and 
aqueous sodiumbicarbonate and dried with sodiumsuHate. Chromatogaphy over siiicagel with ethylacetate gave 0.37 g 
(32%) (R)0 -[6-[(R)-2-ethylQxycarbonyl-2,5Hiihydrcwrrole-1-yl]-6-oxo-hexanoyl]-25-diiydropyrrole-2-carbOKylic acid 
ethyl ester as yellow oi. ISP-MS: 393 (MH)^ 

ft fm-1464fm-2-Cari30w-2.5-dhivdroovrrole-1-vl].6-oxo.hBxanoyn-2.5-dhydroDW add 

[0287] 0.09g (0.0002 mol) (R)-1-[6-[(R)-2-ethyloxycarbonyl-2.5-dihydropyrrole-1-yG-6-Qxo-hexanoyll-2,5-dihydropyr- 
role-2-caibQxylic acid ethyl ester were stirred with aqueous fHCI at 50°C for 3 hours. TTie solvent was evaporated and 
the residue dissolved in water and lyophilized to yield 0.08g (97%) (R)-1-[6-[(R)-2-carboxy-2,5-diliydropyrrole-1-yl]-6- 
oxo-hexanoy>l-2,5-cStTydropyrrole-2-carboxylic add as Itgtit yellow foam. ISP-MS: 335 (M-H)'. 

Example 104 

fRi-1-fi2-f2-f(R)-2-Carboxv-2,5-clihvdroDvrrole-1-vl1-2-oxo-ethoxvn-ph6noxvlace tvil- 2.5-dihydropvn-ole-2-carboxylic 

acid 

a) fRV1-fr2-f24m^2-Ethvlcaifaonvl-2.5-cBtivdroi3viTole-1-vlV2-oxo-ethoxvn-DhBnowlacBtvn-2.5KjitivdroiwrolB-2-car^ 
boxyiic acid ethyl ester 

[0288] To a mixture of O.ggg (p.X3 md) (R)-2,5-dirxjro-1 H-pyn'ale-2-caibaxylic add ethyl estertrifluoroacetale (1 :1), 
0.34g (0.0015 mol) 1,2-phenylenedio)(ydiacetic acid, 

1.3 ml (0.012 mol) N-methylmorpholine, and 0.46g (O.OOSmol) l-hydroitybenzotriazole hydrate in 80 ml dlchlorometh- 
ane were added 0.57g (0.003 mol) 1 -(3-dimethylamjnopropyl)-3-ethylcart30diimid hydrochloride. After stirring at room 
temperature for 18 hours the mixture was extracted with 1 HCI, water, 10% aqueous sodium bicartjonate and again 
water. Chromatography over alicagei with ethylacetate yielded 0.45g (32%) (R)-1-n2-[2-I(R)-2-ethylcarbanyl-2,5-dihy- 
dropyn-ole-1-yl]-2-oxD-ethoxyl]-phenoxy[aoBty1]-2,5-d'thyd'opyn'ole-2-caibaxylic add ethyl ester as colorleee oil. ISP- 
MS: 473 (MH)+. 

bURV1-rr2- l2-rfR^-2-Carboxv-2.5-dLhvdroavrrde-1-vl1-2-oxo-ethoxvl1-phenoxv1acetvl]- 2.5-dlhydropyn-ole-2-carl30xvlle 
acid 

[0289] 0.17g (0.0004 mol) (R)-1-n2-[2-[(R)-2-ethylcart30nyl-2.5-dihydropyn-ole-1-yl]-2-oxo-ethoxyl]-phenQxy]acetyl]- 
2,5-dihydropyrrole-2-caiboxylic acid ethyl ester were stirred with aqueous HC! at 50°C for 3 hours. The solvent was 
e/aporated and the residue dissdved In water and lyophilized to yield O.ISg (86%) (R)-1 •[[2-[2-{(R)-2-carbaxy-2,5-dihy- 
drQpyrrde-1-yl]-2-CKo-ethoxyl]-phencKy]acetyq- 2.5-dihydropyrrcle-2-carbox)dic acid as white amorphous powder. ISP- 
MS: 417 (MH)*. 

Example A 

[0290] Tablets of the following composition were manufactured In the usual manner: 







Active Ingredient 
Pbwd. lactose 
White corn starch 
Polyvinylpyrrolidone 
Na carboxym^hylstaich 
Magnesium stearate 


100 
95 
35 

8 
10 
2 

Tablet weight 250 
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Exarrple B 

[0291] l^ets of the following compositron are manufactured in the usual manner: 





mg/)ablet 


Active ingredient 
Powd. lactose 
White corn starch 

Polyvlnyfpyrrotidone 
Na cartaoxymethylstarch 
Magnesium stearate 


200 
100 
64 
12 
20 
4 

Taisleitwei^ 400 



[0292] Capsules of the foliowing composition are manufactured: 





mg/cBpeuie 


AcUve Ingredient 
Cryst. lactose 
Microcrystaiiine cellulose 
Talc 

Magnesium stearate 


SO 
60 
34 
5 
1 

Capsule fill weight 150 



[0293] The active irigredient having a suitable particle size, the cryrstalline lactose and the microcrystaiiine cellulose 
are homogeneously mixed with one another, sieved and thereafter talc and magnesium stearate are admixed. The fin- 
ished mixture is filled into hard gelatine capsules of suitatile size. 

Claims 

1 . Compounds of the gen era! tbmulae 




wherein 

R is SH, benzyl or phenyl, optionaify substitulBd bf hydroxy or Iowa- alltoxy or 
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the group 



5 




70 

is hydra gen or halogen; 

X is -{CH2)n-; -CH{R2){CHa)„-; -CHzCHCH^n-: -CHaNH-; benzyfl, -C(r2)=CH-; -CHaCHPH)-; or thlazol-2,5- 

Y is -S-S-: -(CH2)n-; -0-; -NH-; -N(R2)-: .CH=CH-; -NHCCqjNH-; -N{R2)C(0)N(r2)-; -NICH2C6H3(0CH3)2]-; - 
IS N(CH2C6H5)-: -NCCHjCgHsjCCOjNCCHzCeHs)-; -N(altoxyalkyl)-; -N(cycloalkyl-melhyl)-; 2,6-pyriclyi; 2,5- 

furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1 .S-cyclohexyl; 1,4-cyclDhexyl; 1,2-naphlhyl; 1,4-naphthyi; 1,5-naphthyi; 
1,6-naphthyl; biphenyl; or 1,2-phenylen, 1,3-phenylen and 1,4-phenylen, wherein the phenylen groups are 
optionally substituted by 1 - 4 subsiituenis, selected from halogen, lower alkyl, lower alkoxy, hydroxy, car- 
boxy, - COO-lower alkyl, nitrfio. 5-tetrazol, (2-cart>oxy)ic acid-pyrTOlldln-1-yl)-2-Qxo-ethcixy, N-hydroxycar- 
20 bamimidoyl, 5-qxo-[1 ,2,4)axadiazolyl, 2-oxo-[1,2,3,5]Qxathiadiazalyl, 5-thioxa I1,2,4]cKadiazolyl and &4ert- 

butylsulfany[-f1 ,2,4]oKadiazolyl; 

X- is-(CH2)n-;-{CH2)„CH(R2);-CCH2)nOChH2-;-NHCH2-,benzyl,-CH-C(R^-:-CH(OH)Chb;orthiazol-2.5-dijrt; 

R^ is lower alkyl, lower alkoxy or benzyl and 

n is 0-3, 

2S 

and pharmaceutlcally acceptable salts or mono- and desters thereof, with the estception of (R)-1-[(R}- and (1^-1- 
[(S)-3-mercapto-2-methyl-proptcnyq-pym3lldhe-2-cait)Oxiiicacid. 

2. Compounds of general formula l-A in aocordarKe with daim 1 . 

30 

3. Compounds in accordance with claim 2, wherein X is CHCR^(CH2)n-and R^ is mettiyl or methoxy and n Is 0 or 1 . 

4. Compounds in accordance with dahi 3, which are: 

35 {R)-1-KS)-3-[CS)-3^(R)-2-Carboxy-pyrroli(Sn-Vyl]-2-mBlhyl-3-oxopropyl-dlsilfianyfl-2-melhyl-propionyO-pynT^ 
dine-2-carbaxylic add, 

(R)-1-[8-I(R)-2-Cart)oxy-pyrrolidin-1-yl)-2,7-dimethyl-8-axo-octanoyll-pyrrolidine-2-carboxylicacid, 

(R)-1-[8-[(R)-2-Carboxy-pyn'olidin-1-yJ]-2,7-dirrieihoxy-8-DXO-octanoyl]-pyrrolidine-2-carboxylic acid and 
(R)-1-[6-KR)-2-CarbQxy-pyrrolidin-1-^)-2,5-dimethyl-6-oxo-hexanoyl]-pyrroKdine-2-carboxylic acid (mixture of 
40 3 cBastereomers) 

5. Compounds in accordance vnth daim 2, wherein X is -(Cl-yn- and n is 0 cr 1 . 

6. Compounds in accordance with daim 5, which are: 

45 

(R)-1 -p-I(R)-2-Cart)oxy-pyrroli(Sn-1 -yl]-7-CKO-heptanoyl]-pyrrolidine-2-carboxylic acid, 
(R)-1-t6-KR)-2-Carboxy-pyrroiidin-1-yl]-6-oxD-hexanDyl]-pyrrolidine-2-carboxylicacid, 
(R)-1-[5-E(R)-2-Carboxy-pyrrolidin-1-yl]-5-oxo-pentanoyl]-pyrrolldine-2-carboxyllc acid, 
(R)-1-[[4-[2-KR)-2-Cart3oxy-pyrrolidin-1-yl]-2-oxo-ethyi]-pheny[]acety[|-pyrrolidine-2-carboxylicacid, 
so (R)-l-[[3-[2-KR)-2-Carboxy-pyrrdidin-1 -yl)-2-oxo-ethoxy]-ureido)-pynT3lidine-2-caiboxilic add, 

(R)-1-QBenz^[2-E(R)-2-carbQocy-py[ro[idin-1-yl]-2-axo^yq-amino]-ace1yl]-pyrrDlidine-2-caifooxyh'cacM 
(R)- 1 -[cis -4-[(R)-2-Carboxy-pyrrondine- 1 -carlxjny[]-cyclGhe!xanecarbonyl)-pyrralidine-2-cail30xylic add and 
(R)-1-[[3-E2-KR)-2-Carboxy-pyrrolidin-1-yl]-2-c(xo-ethyt]-phenyi]-acetyl]-pyrrolidine-2-ca!t)oxylicadd. 

55 7. Compounds in accordance with claim 2, wherein X is -CH2O- 

8. Compounds in accordance with daim 7, which are: 
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(R)-1 -E[2-[2-[(R)-2-Carboxy-pyrrolidin-1 ■yl]-2-oxo-eJhoxy]-phenQxy]-acetyl]-pyrrolidin6-2-carboxilic add. 

(R)-1-[[4-[2-[(R)-2<;arbQ)qfpyrrolidin-1-yl]-2K>xo-e1hoxy]-phenQxy]-acelyl]-pyrroH^ 

{R)-1-fl4-[2-[{R)-2<;a*axyi3yri^idin-1-yl]-2-oxo-ethoxyi-2-me1hoxyi3 

acid, 

{R)-1-l[3-[2-[{R)-2<^rt30ixy-pyri^Bin-1-yl]-2KKo-elhoxy]iJhenaxy]-acetyQ-pyrrolid^ add, 
{R)-1 -lI3-[2-K R)-2-Cartx3ocy-pyrrolirfin-1 -yl]-2K>xo-elhoxyi-2-methyl-phenoxy]<«cetyO-pyrralidine-2-carboxyrK: 
acid and 

{R)-1-[I5-[2-[{R)-2-CartXKy'i)yrralldin-1-yl]-2K«o-ellioxy]-naphthalen-1-ylo3ty]-ace^ 

acid. 

9. Compounds in accordance with claim 2, wlierein X is -ChlsNH: 

10. Compounds In accordance with daim 9, which compound is 

(R)-1-[[4-[2-[[R)-2-CBtboxy'f]ynrdld[ti-1-yg-2K]xo-ethylamino]-pheriylariino]-acetyi]-pyrrolld^^ 

1 1 . Compounds in accordance with claim 2, wherein X Is -CH2CH(0H]-. 

12. Cmpounds in accordance with claim 11, which corr^und Is 

C2E,4E)-(R)-H6-[(R)-2-Carboxyi3yrrolidin-1-yl]-2,5-dimethy!-6-oxo-hexa-2.4<liBnoyl]-pyrrolidlne-2<arbox^ 

acid. 

13. A medicament, especially to: the treatment or prevention of amyloidosis, containing a compound In accordance 
with any one of claims 1-12 or (R)-1-KR)- and (R)-1-[(S)-3-mercapto-2-methyl-proplonyl]-pyrrolldine-2-carboxi'lic 
acid or a pharmaceuticaiiy acceptable salt or mono-and diesteis thereof as well as a therapeuticBlly inert carrier 
material. 

14. A process for the manufacture of compounds in accordance with any one of claims 1 -12, which process comprises 

a) cleaving off the protecting group from a compound of formulae 




wherein R, R'', X, Y and X' are described in daim 1 and R^ is a protecting group 
to give a compourxl of formula I-A or l-B, and, if desired, 

converting a compound of Qsnersi formulae l-A and l-B into a pharmaceLfticaily usable salt or into a mono- 
and diester thereof. 

15. Compounds according to anyone of clainns 1-1 2, whenever manufactured by the process defined in claim 14 or by 
an obvious chemical equivalent thereof. 

16. Compounds according to any one of claims 1-12 or to (R)-1-[(R)- and (R)-1-[C2)-3-mercapto-2-methyl-prQpionyl]- 
pyrrolidine-2-carboxlic acid as well as pharmaceuticaiiy acceptable s^ts ard mono-or diesters thereof fo{ use as 
therapeutically active substances, espedally aganst central and systemic forms of arryloidosis. 

17. The use of compounds according to any one of claims 1-12 or of {R)-1-KR)- and (R)-1-[(S)-3-mercapto-2-methyl- 
propionyl]-pyrrolidine-2-carboxlic acid and of pharmaceuticaiiy usable salts and mono-or diesters thereof, espe- 
cially for the treatment or prevention of central and systemic forms of amyloidoels, and, respectively, for the produc- 
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tion of oorraspondng medicafnents. 
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